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VISUAL ILLUSIONS OF MOTION 


By Professor WALTER R. MILES 


I. THe BystraNpDER’s ILLUSIONS the foreground 
or MorTrIoN evround It foreground is 
as toreground the motion will 


direction, but background 


We were standing on the lawn in 
front of the Stanford Quad when my 


t} 


time seen as foreground 


friend said, ‘* Did you notice that sprink- 
ler a minute ago? It was turning motion will be in the opposit 
toward the right but it stopped and then 


started turning in the opposite direction. 


The illusion, therefore, belo 
‘‘reversible perspective’’ 
Some of them are made that way. I case of confusing front wi 
suppose the inventor thought that his !ustrated by the 
device would throw the water on both 

sides of the plants.’’ This illusion of 
motion, seeming to turn first one way 
and then the other, well known to the 
psychologist, is more often called the 
‘‘windmill illusion’? for the simpl 
reason that windmills are older than 
lawn sprinklers and that their twirling 
blades are frequently observed from thi 
distance most suitable for the appear 
ance of the illusion. Sellers of wind 
mills know about this oddity of per 
ceived motion. Not infrequently it 


causes them prolonged discussions with 





some irate customer who stoutly con 
tends that there is a defect in the mill 
because it revolves now in one direction 





and again in the opposite one. Wind- 
mills, electrie fans and lawn sprinklers 
with revolving arms are alike in resem 
bling a wheel with prominent spokes 
and an insignificant rim. They are 
quite open and when viewed nearly 
edgewise and at some distance it is diffi 
cult to tell positively which parts are in 
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at first glance this wheel appears to be 
facing toward the reader’s left hand 
then the foreground is represented as 
moving downward, but if the wheel is 
facing the right then the foreground is 
moving upward. The wheel may of 
course be seen by the same person in 
either of these two Ways. The shift ean 
to some extent be controlled by fixing 
the eves first on one part and then on 
another (x and then y This is an illu- 
sion of motion, but is one that occurs in- 
dependently of the observer's position: 
he may be stationary or moving, whether 
by his own locomotion or carried by some 
vehicle. 
Necing Movement in the 
Motionle SS 

The familiar circumstances just con- 
sidered were those where an actual mo- 
tion was reversed, that is, it was misin- 
terpreted as to direction Because we 
have a clear impression that motion is 
or has to be one way or the other this has 
been called an illusion of motion. There 
are of course many instances where the 
amount or rate of motion are not rightly 
perceived, but here since there is no 
natural dichotomy, it is common to speak 
of ‘‘errors of judgment,’’ some of which 
may be overcome by training and ex- 
perience. 

Now we come to another accepted il 
lusion in the class of natural events of 
which the waterfall is an example. 
When an observer, in this case prefer- 
ably stationary, steadily watches the 
moving column of water he has presently 
a definite impression that the adjoining 
banks of rock and earth and the project- 
ing boulders and tree trunks forming 
islands within the fall are all moving in 
a direction opposite to that of the water. 
Here he does not misinterpret the diree- 
tion of the actual motion that exists but 
rather creates an opposed motion for the 
stationary areas that border or are in- 
closed in the field of real motion. This 
illusion is present and sometimes awk- 
wardly so when we try to cross a stream 


on a foot log. We get the same « 
when slowly moving reading mat 
appears on a motion-picture scree) 
in the apparent motion given to the} 
and to objects on the horizon 
clouds are moving rapidly across 
sky. This illusion is not conspice 
as we view a moving train on a dis 
landscape, but if we are standing 
the edge of a platform as a long 
passes we should exercise care: a m 
illusion of great hazard may confus 
one that has doubtless been the 
reason for many a person's falling w 
the train. 

The *‘ waterfall illusion’’ evidently 
pends on the objective condition 
movement of relatively large areas 
the visual field. This type ol visua 
perience does not depend upon co) 
sion between foreground and _ | 
ground. It rests rather on the tend 
for the visual field to operate as a ¢ 


pensating system balancing its parts | 


with reference to the other. This 
deney for the visual field to behav 


realm of compensating motions, si 


real, others induced, is especially n 
worthy when the observer is being 
ried along in a train, automobile o1 
plane. We will presently return 


consideration of it under these co 


tions. 
The Puzzling After-E ffect 
of Movement 


One point more on the waterfall 


sion econeerns the after-image of m 


ment as it relates to industrial 

tions. Advertisers now and again 
window attraction make use of a dis 
which a black spiral is traced, the 
being made to revolve slowly. If a 
son looks steadily at the center for a 
moments and then glances at som 
tionary object he sees a curious swe! 


or shrinking (according to whiel 


the spiral has been revolving) in w 


ever is looked at. The impression 
escapable; it is the after-image or : 
effect of the movement. If a mec! 





homens 


sereen 


VISUAL ILLUSIONS 


in his field of view and is watching 
nuously and elose l\ a rather slowl, 
ng area, rotary or linear, which he 
djusting to some other surface o1 

on stopping the motion ot ap 
ximation he will have the distinet 


ression that the thing is backing 





or that the motion 1s reversed: ly 





st beware of trying to compensate fo 








at the moment This is not a defect 





the machine or an eve trouble It is 














ormal phenomenon of vision. — It 





bothersome it can be reduced by al 











ting the motion before the final econ 


























is made, thus allowing the after 


ct to die away 


The Dark Spook and His Speed 

lhe **picket-fence illusion’ represents 

third group of visual experiences in 
hich apparent speed of movement is 
accentuated. It is not dependent on 
peculiarities of the eve but is normal 
and objective. On looking through one 
picket fence at another farther away 
one sees alternate ‘‘dark’’ and ‘fopen”’ 
spaces themselves much wider than the 
individual pickets or openings in the 
fences. According to the distance that Th 
the fences are apart and the position of 
the observer these dark phantoms are Finally, 
broad or narrow. The same phe we may mention 
nomenon may be produced by window of motion Sit 
sereen and lace curtain. It is directly that is flickering 
made use of in a visual acuity test object blazing one notice 
manufactured by Bausch and Lomb. In crane or other objects appeat 


this ease ruled glass gratings, the rapid shifts in position chang 


scratches filled with opaque material, are times latera and sometimes 


superimposed. One plate is rotated on This is due to th 


the other about an axis perpendicular to are illuminated 

their surfaces and dark bands appear. then another as 

See Figure 2. The width of these is de- here and now 

Te rmined by the degree of rotation. The shadows chang 

phantom is stationary if the screens and the general backe 
observer keep constant position with seeing the object first 

eference to each other. A slight move- way a kind of fusion takes 
nt ot either screen or observer pro vision which bridges the vay 
‘es a large and unexpectedly rapid object seems actually fo move 


vement of the phantom. position to another. back and fo 


? 
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of my colleagues, a physicist, once called and it is prominent in the new Gi 
my attention to an experimental set-up psychology. 

which included wiring between lamps 
well spaced, that illuminated §alter- 
nate ly. Under these conditions some ot 
the wiring not in immediate contact with Under the conditions present wl 


Il. Tue Train TRAVELER’s Iu 
SIONS O} MoTION 


the baseboard seemed to move forward am being rapidly moved by train 
and backward as does a conductor in a mobile or airplane nearly everyt 
strong electrical field. To convince which makes up my visual field is a 
one’s self that the wires were not moving ing image. The situation is just 
one needed to actually touch them while opposite when I stand leaning 

the lights changed. In this situation the fence looking into the Grand Ca 
we create what appears as primary mo- Sitting on the observation plat 
tion in really statie objects by giving while the train moves along at 
successive views a meaning of motion. five miles an hour the visual field |} 
Ordinarily an object which occupies first be constructed in a totally diff 
one position and then another has to manner, and to describe it in most 
move across the distance that separates eral terms, everything is turned into 
the two points. This is in general so ‘‘waterfall effect.’’ The railroad 
fundamental that it tends to become the and the crushed rock of the road 
basis for all our interpretations. The the cinders and the grass on either 


principle plays a prominent part in the of the road make up a softly merg 


effectiveness of electric flash signs, it is band of gray, brown and perhaps g 
basal in motion pictures and probably Jf I fix my eyes about a hundred 
at root is related to the condition that down the track I see nothing near at |! 
our vision is not really continuous. The in detail except the clear-cut steel 1 
‘*firelight illusion’’ is as old as the name which appear to flow rapidly into ¢ 
I have given it implies, but recent psy- approximation with each other. 

chological discussion has made much of clouds and sky in the upper part ot 
it under the term ‘‘phi-phenomenon’’ visual field in place of flowing fron 
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Fic. 3. ILLUSION OF MOTION WHEN RIDING ON THE OBSERVATION PLATFORM. A, DIRECTIO> 
THE TRAIN’S MOTION; B, MOTION IN THE LOWER PART OF THE VISUAL FIELD; C, ILLUSI 


MOTION IN THE UPPER PORTION OF THE FIELD OF VIEW. 





VISUAL 


ear to rise rapidly above t 


fa storm were approaching and wer 


ning on the train See Figure 3 
1] illusion’’ 


is is our old ‘‘ water 


being rapidly 


w torm. As | am 


wed forward, the immediate territor 


ves aS a fixation fic ld, and as it swe DS 


motion 


idly aways the Opposite 
wed in that part of the visual fiel 


going away trom me relatively mor 
We have already mentioned th: 


] 


owlv. 
ld 


mpensating features of the visual fic 
White objects in the fis 
her portions of the 


ld of view Caust 


field to appeal 


darker. Prominent colored objects oO} 


tches of color cause shadow fields o 


induced 


field 


e complementary color to be 


adjoining areas. Portions of the 
seen in clear detail appear to be nearet 
Th 
thus 
which, 


to us than vague or dim portions 


ague parts seem, in laet, to r eede. 


le 
emphasizing a depth factor 


general, applies to the whole visual fi 

nd differentiates foreground and back 
ground. The lower part of the visua 
field is interpreted in general as near at 
to this the 
the interpretation of dis 


that 


contrast upper 


hand and in 
part receives 


tance. Now we see again evidence 
the visual field operates as a compensa 
ting system maintaining an equilibrium 
in terms of its own content, for as noted 
large pre 


above the introduction of 


dominating areas of motion within the 
field 


opposite motion in the adjoining larg 


visual induces the appearance oO! 


areas. Just as the induced contrasting 
color appears to be unsaturated, diffused 
and without sharp boundaries or strong 
body so the induced motion is in general 
less conspicuous than the moving areas 
which induce it. 

If the sky is 
details the 


cloudless and without 


discernable traveler may 
scarcely be aware of the induced move 
ment in the upper 
field. Yet the illusion may show itself 
in the apparent bending over of a tall 


tree or flagpole in such an environment 


part of his visual 
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as that shown 


the train stops 
is suddenly wit 
nent atter-ef 
similar to wha 
he found himselt 
to th 
motion The platt 


Iront end 


toward 
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course, the ordinary 


to be rushing 


automobile 


riding in an 


jects approached are faced 


receded from If unde 
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the road and 
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heing immed 


time attention 
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idly in size. The sky and clouds recede 
as if driven by a rapid wind in the di- 
rection of one’s travel, the distant moun- 
tains seem to sink down and in general 


the landscape appears somewhat flat 
tened. Whether the landscape is reced 
ing and the upper portion seems to come 


forward or is being approached when 
the upper part seems to recede, that is, 
whether the traveler is facing backward 
or forward there is an axis about which 
the two halves of the visual field appeat 
to revolve. This axis is not very defi- 
nite. I can easily make it the 
horizon if I fixate that locality, or if 
fixate a position considerably nearer, it 
seems in general to be there, but I ean 
not under any circumstances bring it 
nearer than several hundred feet from 
the train 


The Illusion of Shrinking 
and Sinking 

As my journey proceeds objects are 
rushing into my visual field from both 
sides. When they come in they are 
large, but owing to the rapidity of my 
motion in a short time they have aston 
ishingly decreased in size. The train 
passes over a bridge with steel super- 
structures. As we leave it (see Fig. 5 
the structure looks large and oceupies a 
considerable portion of my visual field. 
Less than SIXTY seconds later (see Fig. 
4) the same bridge appears only faintly 
at the point where the tracks seem to 
converge, having shrunk to less than one 
one-thousandth of the previous visual 
area. As the bridge recedes during 
these few seconds it has seemed actually 
to sink into the ground or to shrink like 
a punctured balloon. 

Watching the telegraph poles as they 
rush in and recede, we try to account for 
their rapidly changing size: they seem 
to sink into the ground or to telescope 
on themselves. If linemen are working 
on the poles so rapidly passed one can 
not be sure whether a given man is hold- 











ing his position steadily or elim! 
down or up the pole. Observing 
adjusting the lights on the «de 
switches I have noticed that on 
quently gets the impression that the 
is climbing down from the light wh 
this effect is simply the result o 
rapidly decreasing size of the whol 
of vision, in other words the lowe) 


shrinking of the object in question 


The Illusion of Twisting and 
Revolving 
A third and very striking 

which is to be noted from the obsé 
tion platform is ‘‘twisting.”’ Her 
telegraph poles serve us best as ol 
of demonstration. When we pass 
poles the cross beams to which the 
are attached are at right angles 
rails. At the instant of passing w 
see only the ends of the cross beams 
about five seconds later we are look 
their sides (see Fig. 6), that is, the 
graph pole has taken on the aspect 
cross. The change in point of \ 
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whil 
SO rapid that if one fixates the pole, try veneral 


ng to ke p his eves ck finitels on if as it the Sale 


“travels past,”’ one has the impression 


SCTV ING 
at it twists in the ground. 
about an 80° turn. Here the 


mputed to the object itself to aeeount 


executing = sion that 


motion 1s” the direct 


for the change in point of view, and 
herefore one gets the impression that 
ne pole revolves on its own axis at first 

rapidly and then in a negativels 
accelerated fashion Th les at 


Doles 
I 


eht revolve clockwise, those at the left 


one s 


counter-clockwise, In each case appear 


ng to execute almost a quarter turn 


Teme 


firmed I experiel 


This revolving ot objects is always a 1! rough wo} 
nspicuous illusion of the visual field whether w 


s one sits in the coach, looking out from tres 
he side of the train A house standing 
near the track if observed in this man 


a hundred 


the trees nearer wi 


mn one direct Ol wl 
ner seems indeed to turn through 
cle 


an than the fixated tre 
greater than ninety degrees. As direction If I wi 


under a hb} eht moo 


ne faces the window and turns his eves 
rto one side so as to pick up the image to be 


going in the same d 


the house when it comes in view and There is nothing bevond the 


en follows it with a pursuit movement ean fixate and I ean no 
the eves until it goes out of view he 


the moon ineluded on th 
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the axis about which my visual field 


seems to divide or revolve. 


On Riding Backwards and 
Forwards 

In place of looking out of the window 
suppose | sit at the read end of the eoach 
and look steadfastly at the front end, 
eiving attention, however, to the periph- 
eral field with the movements rushing 
by on both sides outside the car win- 
dows. Presently I become aware that 
the front end of the coach seems to be 
retreating, the coach appearing to grow 
longer. This is a compensation in the 
central part of my visual field for what 
is happening of the opposite tendency 


on the sides. This does not annoy me 


because the lengthening of the coach or 


the receding of the front of the coach 
trom me is taking place in the direction 
that I think myself to be traveling. Ii 
I now change my position to one at the 
front end of the coach and, facing back- 
wards, fixate on the rear end I see the 
landscape on either side rushing back 
and away from me as it does when I am 
on the observation platform. The end 
of the coach and all that makes up the 
lower, central and upper portion of my 
visual field has induced in it the oppo- 
site tendency, that is, it seems to be 
coming toward me. Probably this is one 
of the chief reasons for the discomfort 
that many people experience in riding 
backwards. Nervous people may get 
the impression that the car is crowding 


in on them. 


Reading on the Train 

We do not like to read with an un- 
shaded lamp quite close at hand, be- 
eause of the distracting streaks in the 
field of vision as the eye goes through 
its series of glances and pauses across 
the page. The visual field outside the 
limits of the book page or paper tends 
to claim our attention and if it contains 
an object of striking contrast such as 


the bright globe of the lamp, read 
made more difficult and more fatig 
Similarly the train travelers) 
avoid holding his reading materi: 
such a way that any considerabl 


tion of the visual field is played 


by the moving landseape. If th 


field has much movement occu 
across it, then that portion occupie 
the book or paper will give the in 
sion of movement in the opposite d 
tion. This impression must be 
tended against and in a way con 
sated for by visual fixation an 
movements and therefore constitut 
definite handicap and a fatigue h: 
The visual field should so far as 
ble be limited to objects that are 
ing with the reader. The com 
extended newspaper, tending as 
to take up nearly the whole visua 
has natural advantages for tran 
ing. 
Which Train has Started? 

When our train is standing i 
station with a train on each side wi 
often confused at the moment of st 
ing, not knowing certainly whethe1 
or we are pulling out. Ordinaril 
impute the motion to myself and 
that my train has started very sl 
and without jerks. In this illusi 
self-motion I follow what seems to 
deep-grained human habit, perh: 
fundamental one, for ordinarily it 
familiar situations I am the object 
moves with reference to a gene! 
stationary landscape. Therefore, w 
nearly the whole visual field n 
silently and evenly to one side it is 
like the experiences when I mov 
head or when I walk, and thus | 
quite easily convince myself that | 
in motion. This is particularly t 
the rate is within my walking or 
haps running speed. Then I seem 
rule to be the mover unless I find 
experience wholly lacking in those 
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erpervence as against pano 


tre train is traveling 
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slowly side with my 


passt neve! 


] } 
] 
LOOK 


train and in the same direction, | 
the freight and feel we are traveling 


ndeed very slowly. I appreciate oni\ 


a relative difference in speed between 


ti 


e two trains whereas when I look at 


an open landscape on the other side of 
adjust myself to 
The 


sense of movement ts thus nothing trust 


e coach | instantly 


+} 


{ impression ol rapid travel. 


worthy in itself except as it is based on 


tactual 
the 


trustworthy visual or experi 
No resident earth has the 
clear direct impression of rapid transit 
The he 
his head down in the cockpit has little 
through 


enee, on 


through space. aviator if sticks 


more sense ol trav¢ ling space, 


n fact he has rather less, than a child 


seated on a rocking horse. 


The Illusion of Sharp Vision 
During Motion 
When we are in rapid transit we see 
best those things which are in line wit] 
Thus from the 
tele 
graph wires, fences and roads parallel 
ing the track. 
larly 


our direction of travel. 
side of the car we see ‘‘clearly’”’ 
The road is a particu 

thing to watch 
hold my visual position with referenc 
The light 


cement road looks like a soft feathery 


interesting as | 


to the frame of the window. 
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positive one that is of a very trouble- because our field of view has thus | 
some nature, and it is not an illusion! cut off. However, the persistent 
This arises especially from tall trees server can grab almost an eyeful 
planted at the side of the right-of-way, fairly non-illusion material from 
in such a position that they cast their momentary glimpses which are a 
shadows across the track. A row of able to him through the oper 
such trees, beautiful as they may be, between cars. Freight ears are in 
produces an exceedingly irritating and eral about forty feet long and the o 
painful flicker for thousands of travelers jne between them is approximate) 
who are trying to write or read when = feet. so that when we pass a fre 
the train passes that spot. If such rows train it is cutting off the field of 
of trees could be planted far enough about nine tenths of the time 
back from the right-of-way so that their duration of view or glimpse that we 
shadows would not fall upon the pass-  Jasts from one twenty-fifth to one 
ing train the effect on the landscape’ of a second according to the speed 
would be equally pleasing and all the the train. We know from a great d 
non-blind passengers traveling over that of laboratory experience with eXposi 
line would be grateful—if they thought devices that if one is looking at the 1 
about it. Transportation companies place and is ready for the exposur 
surely owe it to their patrons to guard prief uncovering of the object. r 
them against this tormenting devil. serves the purpose for quite a comp 
hensive view. In Figure 7 one s 
Grabbing an Eyefull through the gap an engineer standir 


When we pass a freight train on the by his eab, and the numbers on the 
siding or perhaps moving in the oppo- are legible. For such glimpses mu 


site direction we are at times annoyed depends on how near we are to the 0) 
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THE FREIGHT CAR EXPOSURE DEVICE WHICH PERMITS US A GLIMPSE FOR ABOUT ONE 1 
SECOND. WE MAY SEE CONSIDERABLE IF ATTENTION IS RIGHT. 





VISUAL ILLUSIONS 


and what Is TO he seen. There is no mal 


bikci int ‘ 


nt in just mildly giving up in th ment 1 


esence Of a clumsy freight train 


DreCSSIONS 
at we see IS like a SUCCESSION OT 


an Mpressiol 
slides. This glimpsing of things —pyensatin: 

ough the big exposure device ot 

ght train tells us a very important 

rv. In a nutshell it is that vision is 

ck and comprehensive and_ that 

neral we look for a longer time than 

necessary. We can economize visio 

d save ourselves visual fatigue bo 

king for shorter periods and _ witl 


ater attention. 


Your ment and E r pe ree nee 

Some form of travel by rapid transit 
s now a characteristic feature of man’s 

( He does not travel with his eves 

ut. If he looks at the region through 
which he passes his retinal fields must 

general be fields of motion. We find 
hat this condition brings about definité 
visual distortions or illusions. Thes 
are so pronounced in some eases as to 
make it impossible for him to be eertai 
n his judgement They show that 1 





GEOGRAPHY OF A PORTION OF THE 
SAN LUIS VALLEY 


By Professor RALPH H. BROWN 


UNIVERSITY OF COLORADO 


THE cultural landscape of the Monte A further modification of th 
Vista region, in common with that of all architecture and one suggesting also ¢ 
the irrigated portions of the western delicate way in which an autocht 
part of the San Luis Valley of Colorado, culture has been fashioned to meet 
has resulted from the shaping of a rural practical needs of a more adv: 
life essentially middle western in its society, is the ubiquitous potato ec 
salient features to fit the stubborn de- Constructed in the main of thick w 
mands of a remote, high-altitude, arid, made of local adobe dried in the 
intermontane valley to which, at a time and covered with sod roofs, they 
seemingly longer ago than it really is, a strongly reminiscent of the pictures 
Spanish-Mexican life had been incom- Mexican house. Moreover, the tl 
pletely adjusted. foot-thick walls are found to be a « 
ful adjustment to the absolute minim 
DESCRIPTION winter temperature of —30 degrees | 

A Modified Middle Western in the adequate protection provid 
Cultural Landscape stored potatoes, the great cash crop 

In the rural districts of the Monte this locality. 

Vista region, the homes are spaced at The Mexican adobe dwellings of 


; 


about one-half-mile intervals along the indigenous culture are now to be fou 


straight section-line roads which ecriss- only occasionally in the rural dist: 


eross without natural hindrance the and practically never in the highly 
monotonous surface of the compound perous parts thereof. Commonly 
alluvial fan of the Rio Grande del Norte. older one-story houses are elusté 
These homes and their surrounding about the outskirts of towns and 
barns and sheds—minus windmills and lages as, for example, in the Lariat 
silos—possess not only the atmosphere’ tion of the town of Monte Vista. 

of practical efficiency, but also the latter, of three thousand populat 
actual conveniences and luxuries, of quite typical of the communities s| 
their corn-belt prototypes. at about twenty mile intervals across 1 
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A VIEW OF CHAMA IN THE EASTERN PART OF THE SAN LUIS VALLEY. the fe 
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is given 


flat floor of 


valley, 


broad, 
of the 
in the 
of the surrounding irrigated country, of 
market in regions 

Almost replicas of 
except 


produce, entirely 


necessity seeking a 
of denser population. 
small towns in the middle west 
for the Artesian wells and the gurgling 
irrigation ditches which thread the 
streets, they seem curiously misfit in the 
spectacular natural setting provided by 
the foothills of the San Juans only a 


doz hm 
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les to the west, 
miles to the east by 
majesty of the Sangre de 
which culminates in 
Sierra Blanea 


ki iE nces of ( ha 
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vecen 
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SUCCESSIVE STAUt 


Evidences of 
settlement of th valley are 
takably 
older 


dences of pioneer days, are 


recorded in the landse: 


farmhouses, bearing 
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(Photo by Eben Fine, 


THE ADOBE HOUSE IS STILL TO BE SEEN IN PARTS 
MONTE VISTA REGION, 


to the Rio Grande or to the smaller 
streams which debouch from the moun 
tains upon the plain and are lost in it as 
they flow across the sandy surface. The 
newer and more modern homes, on the 
other hand, are obviously concentrated 
in the higher parts of the tan, across 
which great open trenches carry water 


to points twenty-five to thirty miles 


north and south of the Rio Grande. 
These main ditches, like the roads, 
stretch for miles without a turn, and 
from them water is deployed in minor 
eanals throughout their lengths. 


Indicative of chang s Ot quite anot lh 
sort is the increasing frequency wit 
which abandoned farms, vacated lar 
and long-unused irrigation ditches ai 
met with as one goes eastward down t] 
slope of the fan. Not a few vaea 


houses, especially about eight miles east 


ot Monte Vista, were at one time 
parently substantial homes. That p: 


found changes must have taken pla 


within a generation is also made know 


by the institution of recent drainag 
districts in the localities of widespr 
farm abandonment. The nearly st 

















THE NATURAL LANDSCAPE, LOOKING 
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EAST TO THE SANGRE DE CRISTOS 


SUMMER STORMS ARE FREQUENT IN THE MOUNTAINS. 
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ditehe S 
the Rio 


almost 


feeders to 
the 


either 


nant water ot open 


which return water to 


Grande lies on side oft 


every road of importanc Large tracts 
are artificially drained by covered drains 
of the 
most practical material for this purpose 
the Monte 


Vista region, the occurrence of alkali and 


constructed wood. found to be 


here. Loeally in all parts of 
moist land attests to the close ness ot t he 
water table to the surface and the fr 
the 
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quent intersecting of two. Such 


areas are locally ealled land.’’ 
The 


Strikingly 


Natural Landscape 


the eultura! 
the Mont: 
reminder o 


different are 


and natural landscapes of 


Vista 


region a continual 


great significance of irrigation t 


The generally monotonous 


his region. 
light sandy surface of the natural lan 
scape is made locally rough by low san 
he ld by 


bunches ot woods 


dunes ineffectual] tuits o 


and bushes 
rough 


mony to the streneth of th 
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This surface bears ample test 
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and to the scantiness of the vearly rain 


LUIS VALLEY 


Notw 
tion, 
compara 
West, 
Vista regi 


hundred 


" 
the 


one may 


in which the 


shaped to harmon 


ment Data 
pression tha 
stock-raising 
Ot an 
Monte Vi 
he 


he cut f 


In nat 
tivated 
acreage 
alfalfa, 
to the acreag 
tivated Crops 
anima! feed 


per eent 0 


imagina 





BUILLDINGS 
IN THE 
LEY, SAID Tt 


ON 


EASTERN 


) 


Pitt 
PART 
CONTRO 


( 


VMREDAS 





THE SCIENTIFIC MONTHLY 





LOOKING EAST ACROSS THE 
used directly or indirectly in the animal 


industries. Especially striking in this 
connection are the large acreages of irri- 
gated grass lands, dotted here and there 


with large haystacks. 
INTERPRETATION 


Few Present-day Reminders 
of Original Culture 

The Spanish-Mexican culture appears 
to be one of comparative antiquity 
though it actually existed as late as 
1850—because as a type it left few 
marks which permanently withstood the 
onrush of the more aggressive American 
pioneer, bringing with him the civiliza- 
tion of the Middle West. The San Luis 
Valley was, before the latter’s arrival, a 
region of far-flung stock ranges, of 
widely spaced ranch houses, of Mexican 
plazas distant scores of miles from one 
another in parts of this intermontane 
valley as large as the state of Connecti- 
eut, which had been partially divided 
into great land grants. 


This extension of Latin civilization 


VALLEY 


(Photo by Eben Fine, Boulde 


FLOOR TO SIERRA BLANCA 


northward into Colorado was foster 
by the Mexican Government as a feebl 
display of power in a peripheral region 
It was made possible by the irrigatio: 
of native grass lands with water eas 
taken from the smaller streams issuing 
from 
vial fans or 
certain remote portions of the valley the 
American of this cultur 
little changed from the original, still pe: 
least within 


the mountains and erossing allu 


eones at their bases. fF 


modification 


sists. Elsewhere, at 
Monte Vista region, this earlier cultur 
is observable only as a weak infusion 
the present-day cultural 
adding to it bits of charm and pictw 
esqueness, and little else. 


landseape 


By and Large a Wintering 
Place for Livestock 


The characteristic which seems 
penetrate all phases of the cultural lar 
scape in both countryside and village is 
the organization of economy around 
livestock industry. The chief activity 


the region through two stages of cult 








SAN LUIS VALLES 


d its only one during the first—it 


; 


idiieative mainly of a restrictive common 
er than a positive environmental sheep t 
pilex. 

Primarily in this connection, the 

wing season is about 110 days, a re 

tion of the normal for this latitud: owner 


lting from the seven-thousand-foot ang 


tude and basin conditions favorin 


] 
eI 


drainage. Certain uses of the lan 
olving a higher net income are thus’ turned i 
excluded ; as, for example, the raising of for market ii 
corn and certain fruits. At the same provides fodde1 
time, native grasses grow well under irri while the meth 
gation, so much better indeed in regions — is indeed simp 
inderlain by the Rio Grande loam than for winter f¢ 
other plants, that nearly all such land is region of sea 
levoted to this use These broad ex ther suggest 
panses of open grass lands as, for ex around 
ample, in the Rock Creek District south 
of Monte Vista, are called vegas, whos« 
dark green surfaces are in striking con 
trast to the barren land to which they 
are frequently in proximity Present Regimes 
However, large herds of eattle can not The present small acreag 
be maintained on farms whose size must wheat represents a surviva 


conform to the high value accorded irri of first settlement ol 

















SHEEP RETURNING FROM THE MOUNTAINS 
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THRESHING WHEAT 


the potato Is representative of the newer 
and more delicate adjustments to geo- 
nomic conditions. 

Wheat, by sufferance of a permissive 
environment, fulfilled its place in the 
economy of pioneer days for which it has 
elsewhere become famous. Stories are 
prevalent of the erude methods employed 
here in seeding the wheat crop during 
early times—of casting the seed broad- 
east over soil prepared only by stripping 
it of growth with a steel rail dragged 
over it—and despite this of phenomenal 
yields resulting. Finally, diminished 
profits spelt the decline of this boom 
period of one crop. Although still the 
chief manufactural activity of Monte 
Vista is milling wheat, the mill at 
Hooper has closed its doors. The only 
other noteworthy manufactured product 
of Monte Vista is the ‘‘fresno,’’ a kind 
of grading machine used in leveling land 
preparatory to its irrigation. 

The potato, on the other hand, is in 
close adjustment to the relative coolness 
of the summer and the light sandy soils 
of this as yet pestless region. Produe- 
tion costs are held to a minimum by the 
widespread use of labor-saving devices 
for seeding and digging, machines whose 
use is made possible by the large size of 
the level fields and by the employment 


LAR MONTE VISTA. 


of Mexican labor in bagging the © 
One of the novel sights of the San L 
Valley during the autumn is the cov 
wagons being driven in from the s 


by Mexican families seeking contracts 1 


bag the potato crop of some plant 
Deprived of this migratory source 
cheap and efficient labor, the v: 
would face a serious if not insuper: 
difficulty. That the potato is not a 

fect adjustment to remoteness is shiv 
by the periods of prosperity which 
interspersed with vears of distress 

ing from the equally certain sur 
crop of other irrigated districts see! 


the same markets. 


Sub-irrigation—Causes 


and Re sults 


The large size of the farm units, t 
is to say large for an irrigated reg 
is explained by the considerable acr 
in native grass, by the predominan 
the animal industries, and by the 
north of the Rio Grande, of a type « 
rigation developed in this locality 
ealled sub-irrigation, or, more sil 
and popularly, ‘‘subbing.’’ It 
method of irrigation at once enfore 


the dominant use of the land and by 


shortage of labor in early times, and 
made possible by the height of the w 
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constant supp 
ders supertiuo 
raising wate! 
perature, moreover, 
refrigeration 
Exeellent though sub-irrigation 





been for in gators on the highe 
of the fai it has been ruinous 1 
majority of those farther east 

elevation ly “*seep zones that 


points ol ssuanee oOo this excess 


caused by the truneation of wate 





ing strata, waterloggme of the se 
excessive alka accumulations | 
sulted This has led to the eon 


abandonment deseribed above 
HE CLOSED FLOUR MILL AT HOOPER 


} 


ized effort has been brought nite 


. : the drainage of these alka 
table and the abundance of water gath 
: . much the same fashion that 
ered from the San Juans by the Rio 
, ; ago cooperation was required 
Grande. 
‘ ‘ , : rigation 
In its practice, ditch water is used in 
arge amounts to raise the water table PeCHNIQUI 
and this, in turn, results in an excessiv: a 
: : The above study is the 
underground supply entering the drain 
chorographic investigation 
the vicinity of Monte Vist: 


mer of 1927 So far as 


age down the slope. Requiring less 
labor than the usual process of flooding, 
t lent itself well to the needs of a region 


dependent upon large acreages for its 





best success. Sub-surface water, with 
which the upper fan slopes are supplied, 
has found little use for irrigation in this 
region of abundant surface water, de 
spite its Artesian characteristics. Small 
plots and gardens are, to be sure. fre 
quently watered with it, after the water 
has been first warmed in the sun. Con 








venient also for watering livestock, it is 
popularly eonceived to be an outstand 
ng natural advantage of the region in 
that industry. Strictly, however, it 


must be accorded a secondary position 


in a geographic interpretation. Never 

theless, Artesian water is of the greatest 

Ss gnificance as a source ot domestic sup 

ply. Secured cheaply by sinking wells Photo by Eben 

one hundred feet or so into the sands ARTESIAN WELLS ARE COMMON IN 
nd gravels of the fan, it furnishes a THIS PART OF THE VALLEY 
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AN EIGHTY-ACRE POTATO FIELD NEAR MONTE VISTA. 











aware, this report represents the first at- owing to the rapidity with which 
tempt to deseribe and interpret the and drainage conditions change in 
choroi of an irrigated region. Hereto- regions through their improvement 
fore efforts in this newer phase of geo The first impulse of the geographe: 
graphic work have been carried on in’ to make the division between irrigat 
the humid east, largely because the lead- and non-irrigated land the leading 
ing investigators are located there. This, however, is soon found to be 
The major elements of field technique, only impracticable, because land 
as outlined by such pioneers as Sauer, watered or not for such a wide vai 
Jones, Finch, Colby, Whittlesey and of reasons, but what is more importa 
MeMurry, have been found to form a such a procedure is not in accord w 
substantial framework for investigations the spirit of geographic field work as d 
in the arid west. Problems arising tinet from economic surveys. 
from the widely different conditions, In the progress of the study it 
however, make certain adaptations found the better practice to plac 
necessary. major emphasis on recognizabl 
In the first place, little aid was se- graphic types as revealed by reconn 
cured from study before entering the sance. This involves the mapping of « 
field, a condition which places an even vironmental and cultural complexes 
greater emphasis and burden on .field the same plat rather than the met 
work in the west. Detailed historical recommended by Whittlesey. In 
information was not securable, while the present study four types were el 
soils and water supply stucies made sev- recognized and defined in terms ot! 


eral vears ago are now nearly worthless profile, natural vegetation, dept! 








PONCHA PASS, NORTHERN ENTRANCE TO THE SAN LUIS VALLEY. 
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und water, type of irrigation, pres- the reading 

e of alkali and dominant use. Names dominant colo 

en to the types are the Rio Grande way to that o 

ttoms, the Vegas, the Seep Lands, and between types 
High Lands, each one of these types _ plifving one of t] 


ing accorded a dominant color scheme. geographic work 


is apparent that no type is pure This scheme would seem 


roughout so that adherence to the sim able to most lands in whie 
ified eolor scheme adopted facilitates a permanent in 
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TRANSPLANTATION OF ORGANS 


By Professor THEODORE KOPPANYI 


U 


SYRACUSE 


TRANSPLANTATION, or grafting tissues 
and organs, is an ancient art, and even 
old East Indian physicians are reported 
to have achieved remarkable results with 
In our 
own advanced age the grafting of skin, 


grafting portions of the skin. 


periost, fatty tissues, ete., became stand- 
ard medical procedures, mostly used to 
cover up bodily defects for cosmetic 
purposes. 

But transplantation of intact organs 
is not as easily accomplished, for the 
taking of the graft depends upon its 
early vascularization, and unless this is 
accomplished, the graft degenerates rap- 
idly and at its best becomes a foreign 
body ineorporated in the host, without 
any function whatever. The graft thus 
must be saved from destruction through 
early blood supply, which, of 
must be established before the cells com- 
posing the organ are irreparably dam- 
aged. It is obvious that an early efficient 
vascularization of a large organ presents 
difficulties than that a thin 
layer of There are other 
factors of equal importance which mili- 
tate against the taking of the graft: the 
invasion of the grafted tissue or organ 


course, 


more of 


tissue. two 


by the professional destroyers of the 
body, the wandering cells; and the de- 
functive regenerative power of the graft, 
for higher animals exhibit very little 
faculty to regenerate and regeneration 
is essential in establishing more intimate 
connections between graft and _ host. 
Fortunately, however, even higher mam- 
mals are able to repair, and wound-heal- 
ing and some regenerative power of tis- 
sues within the organ suffice in many 
cases to secure the taking of a larger 
graft. 
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NIVERSITY 


Many attempts have been made to 
sure successful grafting of organs 
have met mostly with only 
A great technical in 
Murphy 
Carrel, who actually established imn 
diate blood the 
suturing the blood vessels of the 
the blood of the 


even Carrel’s results were not 


they 
porary SUCCESS. 
vation was introduced by 
supply of oraits 
B 


satist 


to vessels host. 


and he soon lost interest in 


problem, turning his attention to 


tory 


question of tissue culture. 

Although not essentially interested 
methods and technique, I turned to t! 
transplantation be 


in t] 


of organ 


needed this method 


problem 
cause | T 
pursuit problems whiie 
troubled me deal. In 1920 | 


became fascinated with the perfect ce 


of certain 


a great 
adaptation to environment exhibited b 
of and amphib 
If you place such an animal in a d 


certain species fish 
its skin becomes dark; if 
it 


sometimes 


you 
lig 


son 


dish, 
it into 
This 
times astonishingly quick, according 
Now if 
eyes or cover them with black cloth, t 


adapt 


a white one, becomes 


process is slow. 


the species. you remove 


animal ceases to show this nice 
tion to the color of the environment a! 
assumes a uniformly dark, almost bla 
color which is not responsive to extern 
stimuli. The which « 
fronted me were how and to what « 
tent the coneerned in t! 
remarkable phenomenon. It el] 
that the color of the environment w 
transmitted through the eyes, the qu 
tion was whether this transmission is 


problems 


are eves 


was 


purely chemical process, or whether 
requires transmission through the o} 
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EXPLANATION * FIGURES 








A. Frog with an eye transplanted on the sit 
formed by R. M. May at the Comparative Anaton 
graft established connections with the central nervou 
eye. The picture was taken thirteen and one-ha 
performed by Professor Ask at Lund, Sweden. ‘| 
blind fish and the lighter color of the fish with tr 
tological demonstrations of regenerative processes 


by R. Matthey, of 


experiments were performed 
F. A mouse eye which has been transplanted i the 
took, but showed no evidence of function (Koppany 
of the rat, 9 months after the operation (Koppanyi 
been injected with Berlin-blue. The eye is one of tho 


tional recovery. 





504 THE SCIENTIFIC MONTHLY 


nerve to the higher optical centers; in 
other words, is it dependent upon vis- 
ion? To settle this question I had to 
go back to the almost disearded method 
of organ transplantation, and more than 
that, I had to select the most delicate 
organ for such purposes—the eye. 

Just a few words about the method by 
which I achieved permanent results; not 
only with reference to the eye, but also 
to all the other organs I had to deal 
with later on. My own and other peo- 
ple’s experience taught me soon that the 
best results are obtained if the graft is 
not fastened to the host by any artificial 
means. So I relinquished all sutures, 
artificial compression, ete., and relied 
only upon the natural ability of the 
graft to remain im situ. By this 
technique the wound healing and re- 
generation eould proceed without any 
delay, having no artificial barriers to 
overcome. Returning to the eye, | 
transplanted the eyes of larval and 
young amphibia on the neck or dorsal 
region of a host of the same species, and 
found that those transplanted eye-grafts 
did not only take but also regenerated a 
perfect retina and even an optic nerve. 
The regenerated optic nerve sometimes 
grew into the nearest spinal ganglion. 
Although the transplantation of these 
eyes was successful, it answered my 
question only negatively. For if I re- 
moved the own normal eyes of the host, 
the transplanted eyes on the back or 
neck did not prevent the appearance of 
the dark color characteristie of blind 
animals, nor did these animals show any 
ability to copy the color of the environ- 
ment. I econeluded, therefore, that 
chemical changes set up within the eye 
and transmitted through the circulation 
or through non-specific nervous path- 


ways could not be responsible for the 


phenomenon of color adaptation. 

When I undertook the next step in my 
investigations I could not help feeling a 
horror at my blasphemy and lack of 
reverence that I dared to replant the 


eye into its natural environment 
the eye socket or orbit, and had 

dacity to expect, or at least to | opr 
I might be able to establish a connect 
between the visual receptors of the 

and the higher optical centers Yi 
performed the experiment on a |] 
number of fish and amphibia. The 
sults were astonishing. The dark ¢ 
of the blind animal disappeared in al 
three months after the transplantat 


and at about the same time they beg 


to exhibit their lost ability to 

themselves to the color of their eny 
ment. This successful experiment 
me the clue to the whole probl m 
color adaptation of fish and amphil 
actually due to the transmission o 
color of the environment throug 


natural optical pathways. Having 


complished this I didn’t feel I shou 


stop. The results achieved suggest 


very strongly that not only the ¢ 
adaptation but also the vision itself 
restored by the transplantation ol 
eye into the eye socket. Subsequent 


periments proved that this assumpt 


was not unwarranted, for the anim 


with transplanted eves began to s 
positive phototaxis to weak light 

negative phototaxis or photophobia 
strong light. Moreover, they suece: 


in chasing and even capturing their p! 


in a way which only normal animals « 
do. Blind control animals were n 
able to learn that. But even if a 
jar was placed between the animal 


the prey, the animal with transplant 


eye and the norm’! animal were abl 
aim directly at the prey outside of 

glass jar, whereas blind animals p 
no attention to it. The anatom 
findings corroborated the biological 

dence. The painstaking researches 
Professor Kolmer revealed that the 

tological appearance of the eye g 
was almost normal and at any rat 
the elements were present which are 1 
essary to optical functioning. He : 
showed that the cell bodies in the g 
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TRANSPLANTATION OF 


ionic laver of the retin: 
erve fibers which erew 
lasma imnto the eenters 
rain. 


Having solved this problem in fish and 


mphibia, I proceeded to inquire whether 


ve transplantation can be successfully 
arried out in mammals. I chose thi 
rat, for this animal was then available in 
large quantities and because from sui 
gical point or view its eyes are very 
readily accessible. Briefly, in this sp 
cies too | obtained successful results 
lthough in a much smaller percentagy 


an in amphibia Hlere, too, I found 
return of vision and regeneration of the 
nerve of the transplanted eve, 
Later on even a rabbit was added to 
successful 


OL th experiments 


Transplantation ot the eye, therefore, 1 


} 
i 
] 
I 


| 
AbLnea 


every class of the vertebrat 
is a practicable procedu 
lead to regeneration of t 
and recuperation of vision 

Naturally, the critical scientifi 
did not let my communications 
passt d unchallenged. Several and ever 
severe criticisms were heard now and 
then, and the validit: ‘the results was 
doubted. This was ve ry fortunat 
however, because it led many investiga 
tors to repeat my experiments. And it 
SO happened that they eame to conclu 
sions similar to mine. I could discuss 
several papers, all of which affirm my 
experimental results. Only lately Ston 
and Ussher reported on return of visio1 
and regeneration of the optic nerve 1n 
the transplanted eyes of amblystoma 
and diemyctylus. On the basis of th 
experiments just reported, a Belgian 
ophthalmologist, Weekers, performed 
the replantation of an avulsed eye in 
man. The eye was severely injured in 
the accident and yet the graft took and 
although vision was not expected, the 
motility, at least, returned. For cos 
metic purposes, therefore, the eye graft 
became a possibility even in man. 

The eye is an organ enclosed in a 
fibrous connective tissue capsule. This 
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PHYSIOLOGICAL EVIDENCES OF EVOLUTION 
AND ANIMAL RELATIONSHIP 


By Professor CHARLES G. ROGERS 


OBERLIN 


THE recent work of physicists, chem- 
ists and astronomers, dealing with the 
nature and origin of matter, adds em- 


phasis to the idea that the process of 


evolution can by no means be limited to 
what we have been accustomed to eall 
‘organic matter,’’ but that it must be 
applied to our whole universe and that 
‘‘organie matter’’ forms only a special 
case or a series of special cases of the 
working out of a universal law. 

For many years evidences of the evo- 
lution vf organic forms have been 
accumulated from a variety of sources. 
Paleontologists and anatomists have 
dwelt upon the homologies of various 
structures. They have pointed to simi- 
larities of adult form as _ indicating 
similarity of origin and, therefore, 
of development. Embryologists have 
shown that there are not only similari- 
ties of individual development, but that 
certain structures have, during the 
course of their development, taken on 
forms and functions quite different from 
those for which they were originally de- 
signed. 

Little emphasis has been laid upon the 
contribution which physiology may make 
in the working out of the general prob- 
lem. This may be due to the fact that 
the chief interest of most of our phys- 
iologists is not in general biology, but in 
a very specialized and extremely limited 
portion of the field, mammalian physi- 
ology. This may be another instance in 
which closeness to the multitudinous de- 
tails of highly specialized functions has 
led to a loss of perspective. 

It is not the purpose of this paper to 
present much in the way of new evi- 
dence, but by taking advantage of some 


COLLEGE 


scattered bits of evidence to eall atte 
tion to what seems to be a neglected fi 
in the hope that others, better qualific: 
may continue to develop the point 
view. 

We have, of course, no information 
to how living matter came to be. Fron 
what we know of its structure, compos 
tion and behavior we may be able t 


make certain conjectures as to the cor 


ditions existing when living matter first 


appeared. The origin and evolution 
living matter is evidently closely ass 
ciated with the origin and evolution o 
non-living matter. Here at the ver 
beginning of life we must recognize t 

fundamental unity of non-living and liy 


ing. The living matter is made up 
of non-living eonstituents. When ou 


; 


friends, the physicists and chemists 
have been able to fill in more complete!) 
their fabrie of knowledge concerning thi 
building up and combining of non-livin 
molecules, we shall be in better position 
to tell how living matter came to bi 
Certain facts seem to be sure. Ther 
must have been light, and the temper 
ture must have been above the freezi 
point of water and below the coagul 
tion point of the particular compoun 
which make up the bulk of the livin 
substance. The evolution of matt 
had gone so far that there already « 
isted the elements of the lower atom 
weights and many of the combinatior 
of these. Oxygen, carbon dioxide, nit 
gen and simple nitrogen compou! 
were in the atmosphere, along w 
water vapor. 

The molecules of inorganic erystalli 
substances have a definite configurati 
They are, under the conditions exist 
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ible structures. The molecules enter 
g into the composition of living matter 
ay also be stable, but the configuration 
eall 
ibstanee is From the 
rowth of the salt erystal in saturated 


the aggregate which we living 


very unstable. 
lution to the growth of the living sub- 
tance is a long step, for the two aré 
olly different How 
e latter about ! 
Try to 
our planet 
The sun, the center of our solar system, 
was much younger than now. Astrono- 
mers tell us that the stars have a definite 
life history: that they have a beginning, 
youth, middle age, old age, and finally 


pi OCCSSES, 


may 


have been brought 


imagine the conditions upol 


before any life appeared. 


cease to be. Our sun appears to be well 


along in its eyele. It has passed through 
that period in which it radiated most 
energy. These radiations have been 
and still are in part electrical, in part 
visible light and ultra-violet radiations, 
n part infra-red rays, in part radiations 
of very short wave-length. The younger 
the bluish-whit« 


extensive 


stars, the whitish and 
characterized by 


ones, are 


radiations in the ultra-violet region of 


t] Such radiations were 


ie spectrum. 


more abundant upon our 


than 
short 


presumably 
earth in the 
Certain 


earlier days now 


radiations of very wave 
from some unknown 
detectable in 


been 


length, emanating 


source, are even now our 


They may have and 


abundant at an 


atmosphere. 


probably were more 


earlier period. Their presence is held to 
be indicative of the continuous produce 


tion of helium, hydrogen, oxygen, ete 


out of the raw materials, the electrons 


Imagine the land, entirely devoid of 


vegetation of any sort, made up of 


binary combinations of elements, at a 
tropical water-soaked by 
frequent rains, covered by an atmosphere 


temperature, 


heavily laden with moisture and contain 
ng oxygen, a higher eontent of carbon 
dioxide than is now known (the product 
of voleanie activity), nitrogen and very 
simple nitrogen compounds. Imagine 


RELATIONSHIP 


rr 
storm 


eavy 
through the va 

its way dissoly 
Staneces, and 

less soluble 

divided 

divided as not read 
eolloida 


please. Let th 


standing 
with its excess of 
bard this colloid-lik« system 
loidal 


dioxide, vu 


interlaces adsorpt 


seous nit 


+ +] toy 
A eS¢ nite 


re broug] t 


must oceur. 
simple substances ; 
ular relations with each othe 
ple eatalytie system is at wor Out ot 
the complex assum 
the building up ot npounds of 
earbon, oxygen and hydrogen, such as 
and simpl 


aa 
formaldehyde 
simple qui 


then of 
} 


enous compounds, such as 


and 


rormamice 


into being beeaust 


New substances eome 


) the eolloid-like solution 


as ij tat transtorme! 

ments 1n\ 

hvdroget 

ot sulp p 
added to 1 ‘combina the 


universal solvent, 1s not only t solvent 
in the living 


part i 


portant 
becom al 
substance 

The colloidal mate 


| 


} ‘ 


bringing about these first sv? 
iM houg! : 


t of as a simple ¢: 


+ 


vel ralized in ] 


and in the product 


formation Som 
' hin k | a ng 


anees of what we ft 


matter must have bec n the combination 


of moleeules into forms capable of act 


ing as transformers—substances 


energy 


make use ot the energy of 


which could 


effecting various molee 


the sunlight in 
combinations We 


a substance } 


have at the 
chloro 


+ 


evidence ta the 


ular 
present time sue] 


phvll. There is no 
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earliest synthetic agent of this sort was 


fact the 
has been made that the green color has 


ereen in color. In suggestion 
been developed as a protective device to 


assure the non-destruction of a more 
fundamental catalytic substance by the 
light rays. 

From the simplest colloidal complex 
of self-continuance to the 


with 


capable 
simplest amoeba which we are 
acquainted represents a wonderful evo- 
lutionary history, which may well have 
occupied as long a time as the evolution 
from man. During this 


period there must have been elaborated 


amoeba to 


amino-acids and various combinations of 


these to form proteins, various earbo- 


fats, nueleie acids and en- 
zymes. It would be absurd to 


that all the bits of matter of the kind de 


hydrates, 
assume 


seribed, in which organic syntheses oe 
eurred, could Many of them 
would carry on within themselves proc- 


survive. 


esses which would prove to be self- 


destructive. It is interesting to note 
that only those forms have survived to 
the present on which there were devel- 
oped membranes to serve as separations 
of the living substance from the liquid 
environment. Evidently much can be 
said about the cell membrane as a factor 
Various cell mechanisms 
came into being. There were developed 
mechanisms for regulation of water con- 
tent, for the selective and constructive 
work of secretion, for cell division, for 
daughter living 
as that which 
Survival 


in survival. 


ensuring in the cells 
matter of the same sort 
composed the mother 

came not to be a haphazard affair, but 
the result of an orderly series of physi- 
phenomena. These 


cell. 


eal and chemical 
various mechanisms did not all come into 
They did not always ap- 
pear, perhaps, in the same order. They 
did not always take the same form, nor 
were they always made up of the same 
components. The bits of unstable mat- 
ter in which synthetic processes occurred 
were in constant interaction with their 


being at once. 
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Since there were varia 
there 
complexes. We 


environment. 


environments, were variable s) 
thetic 
customed to speak of the origin of liy 
matter. It better, and p1 


ably more in line with the facts, to sp 


have been 


would be 


of the origins of living matter. In 
same time such s) 
Also, thers 


Suggestion that 


rious places at the 
theses may have occurred. 


nothing to oppose the 


many times, in many places, unde 


great variety of conditions, such cor 
binations of matter capable of underg 
ing spontaneous change and of acting 
energy transformers may have had in 
pendent origin. This would not o1 
make great variety of living matter px 
inevitable. 


Too. 


sible; it would make it 
It would be safe to assume, 


bits of living matter d 


these different t 
not exist together in a perfectly harme 


nious fashion. Some of them were inin 


cal to others. Some may have play 


such parts as are now played by t 


filterable viruses. Only those forms 


living matter could exist which dev 
oped some form of immunity against 
attacks of other unfriendly forms 

The forms of living matter capabl 
carrying on these organic syntheses, ai 
of maintaining their own integrity, 
those which appear as colloidal syste 
of a complicated nature, so that they 
pear at one and the same time to partal 
of the nature of true solutions, 


sions, colloidal sols and suspensoids, a 


emu 
to have so delicate a colloidal balance 

to be rather readily 
the liquid sol condition to the more vis 


transformed fro 


gel condition, and vice versa. 

One of the very strongest evidences 
the essential unity of living matte? wate 
that we have no knowledge of life ap 


This protoplas 


How, 
from protoplasm. 


from whatever source, is always a s 


more 
strea 
stance containing water, salts in sol then 
tion, and composed largely of prot 
which are present either in the form 


an emulsion or as a suspension. 


ANIMAL RELATIONSHIP 


it could not 
What wer 
seems that we may bh 
‘onstruct to some extent a ple 
Liv Ing Lorms 
themselves to 1 r environment 
a variety Ol way y iS mentior 
of them 


] Ts mi pe rature: 


of the organic matter was essentially the 


} 


same as that of the water in whie t 
originated. It was, therefore, of a tem 
erature between the freezing point of 
water and the coagulation point ot 
colloidal complexes of the living 
stance. The temperature of the 
must have shown then, as now, 
eyele, rising during the daylight hours 
intil the latter part of the afternoon 
and then falling during the hours ot 
darkness until the early morning. Sue 

evcle of temperature changes now ex 
ists not only in the waters of the tropi a 
ocean, but in the bodies of the so-called 
warm-blooded animals. It would hardly 
do to say that this daily temperature 
eyele of the higher animals is a direct 
hangover from the daily temperatur: 
eyele of the early ocean, and yet it 
might be 
2) Concentration of Salts: The sea 
water contains at the present time 
+ per cent. of salts in solution. T] 
presents an accumulation of millions ot 
vears. When matter first became or 
ganized into forms capable of carrying 
on orderly energy transformations and 
of providing for self-continuance, the 
water of the sea was much less salt than 
now, though it may have been somewhat 
more salty than present-day freshwater 
streams and lakes. The living matter 
then was adapted or adapted itself to 
the conditions existing. 

An examination of the body fluids of 
various groups of animals reveals the 
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The body fluids pass through a regu- 
larly graded increase in complexity 
which may be briefly outlined as fol- 


lows: 


Water, conta 
solution. 

Hydrolymph, a watery fluid whi carries 
] 


riment to organs and tissues emoves 


wastes. This fluid sometimes contains no food 
substances in solution, though it may hold them 
pension, ¢ yme cases 
heir prod 
Nratory Tunction 
which mig] earried on by the water alone. 
Haemolymph is a_ cireulator: nedium less 


watery than the hydrolymph. It contains a 


richer supply of proteins. It is not only nutri 


tive in tu 


in character by virtue of the respiratory pig 


tion, but also frequently respiratory 


ments which it contains, and corresponds to 


} 


both the blood and lymph of the higher 
animals, 

Blood, which i he chief circulatory fluid of 
the higher animals. It is the most highly dif 
ferentiated and complex circulating mechanism 
found in the animal kingdom and serves in the 
following functions: to carry to every part of 
the body the materials for its sustenance; to 
carry away from the tissue cells all wastes; to 
earry to all parts of the body hormones and 
internal secretions; to serve as an agent in the 
temperature regulation of the body; and to 
protect the organism from invasion and de 
struction by microorganisms. 


~ 


Osmotic PRESSURE OF Bopy FLUID 

As the salt content of the sea water 
has increased, those animals of the sim- 
pler types which have remained in the 
sea have gradually adjusted themselves 


DEPRESSION OF FREEZING 
Mediterra Pacific 
nean Sea Ocean 
Sea Water 2.29 1.924 
Mammalia 
Aves 
Reptilia 
Amphibia 
Pisces 1.04—1.05 
Elasmobranchia 2.29—2.44 
Cyclostoma 1.966 
Mollusea — 2.24 
Insecta 
Crustacea 
Annelida 
Coelenterata 


to the changing conditions of their 
vironment. One may almost say t 
the bodies of these lower animals 
wide open to the sea. As a matter 
fact this is not strictly true, tor it 
pears that most of these lower forms 
animals possess body fluids of vi 
slightly higher osmotie pressurt 
that of the sea water in which they | 
The relative total salt content 
water and of body fluids may rea 
compared if the depression of the 
ing point of the liquid below that 
distilled water be determined This « 
pression of the freezing point can be « 
pressed in terms of degrees Celsius « 
translated into atmosphe res ot pressu 
or concentration of solution, as one m 
prefer to do. 

Reference to the table indicates t 


the forms showing the lowest osmoti 


pressures (least depre ssion on freezing 


point) are the fresh-water molluses 
worms and erustacea. Then come in as 
cending order the reptiles, amphibi: 
fresh-water bony fishes, mammals, birds 
marine bony fishes, Atlantic Elasm« 
branechs, Atlantic invertebrates, Med 
terranean Elasmobranchs and Medite1 
ranean invertebrates. 

An analysis of the facts seems to ind 


eate that there is some causal relation 


existing between the osmotic pressure 0 
the sea water and the osmotic pressut 
of the bloods of the different groups 


POINT IN DEGREES CELSIUS 
Atlantic Fresh 
Ocean Water Animals 

1.82 0.03 


0.64—0.74 


Terrestrial 


0.15—0.21 


0.49 0.80 


0.43 
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ndoubtedly the sea water in which lif 
iginated was relatively dilute as com 
ired with the sea water of the present 
me. This sea water became more and 


ort coneentrated as Various salts wer 


ashed down from the land into the sea. 


\t various periods some of the animals 
ving in the sea migrated up the streams 


nd came to live in water which was less 


oneentrated in salts, others emerged 


and 
life It is possible that Thnere 


Irom the sea took up a terrestrial 


abit of 
was a period in which the salt conee 


tration of the sea water increased 


that 


great migration or series of migrations 


rap 


dly or some other factor led to a 


of animals from the sea. Overpopula 


tion of restricted portions of the 
factor. At 


rate, evidence is not lacking that the an 
t 


sca may 


possibly have been a any 


eestors ot many species, representing 


several phyla, left the waters of the sea 


at nearly the same period—a sort of o1 


granie explosion. The immediate causes 


of such a migration must have been 


physiological. Those animal lines which 
remained in the ocean have been for gen 
continuously subject to tl 


erations 


gradually increasing concentration of 


salts in the sea water. The accompany 
ing figure (Fig. 1) presents in a graphic 
brief 
eoneerning the 


form a summary of information 


freezing points, and 


therefore the osmotic pressures, of th 
body fluids of various animal groups, 
and a suggestion is offered as to the pos 
sible explanation of some of the facts 
It will be noted that, in this figure, de 
pressions of the freezing points of bloods 
and of sea water are represented as ab 
scissae, and that duration of time is in- 
No effort is mad 
to indicate any definite lapses of time. 


dieated as ordinates. 


The fresh-water molluses show a depres 
sion of the freezing point which indi 
eates either that they migrated from the 


sea into the fresh water at some very 


early period or that they have developed 
little in the body 


power to maintain 


customed 
Tal The 


show a Ni 


mew 
eoneentrations 
mammals T 
be acecounte 
animals a\ 


eonth nousl 


exactit 
bloods 


tratlo v wert presum 


ancestra 


eoneentrations 


lived 


similat 
water in which they 
fishes, both of the open ocear 
Mediterranean Sea, show os 
a littl 

eentration ol 

live. The 


invert brates, nowevel 


sures 


bloods Al | hody {ly 


marine 


| 


econeentrations wh eh equa 0 


slightlv in exeess of the concent 


the sea water. Just how far it 


fiable to seek to explain the salt coneen 


hloods Ol 


trations of the 
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forms upon this basis is, of course, som the history of animal life. The 

what uncertain. It appears in each case taking part in these migrations 
that the blood is in a condition of equl- dently made the attempt to continu 
librium with the external medium, even’ their bloods the cellular environm: 


though it may differ from it to a con which had been theirs before the m 


siderable degree. It can also be shown tion. This environment involved hb 


that any change in the osmotic pressure water, containing a certain concent 


of the external medium brings about a_ tion of salts. and salts in definite relat 
} 


ric 


corresponding and compensating chang proportions to each other The 


in the osmotic pressure of the blood, toa plasma of the higher animals, ther 


ereater or lesser degree in the different represents the original aquat 


otal COnC 


; ; 


groups, until a new equilibrium is estab- ment of the cells as to the 


+ 
t 
lished. Such an equilibrium is estab- tration of salts, and should contain 


lished and maintained by the cells which — the elements originally entering into 
come into contact with both liquids, composition of that environment 
blood and water, namely, the epithelial we shall see, it may contain mue 
eells of the eills The evolution OL Ce lls than the original environment, tor ¢ 
and cel] membranes capable of maintain ing the ages there have been take) 


ing such differences of osmotic pressure new substanees. providing for new tm 


as are shown in these cases presents a tions, or ereat extensions of old on 
problem worthy of much further study. For example, the development of 

It is not necessary at this time to go thyroid gland in the higher animals m 
into a diseussion of the physiology of the be explained as an attempt on the part 
adaptation of an animal to the osmotie of the organism to preserve in the bo 
conditions of its environment When fluid of the animal the iodine content o des: 
living matter first appeared in the water the sea water, and so regulate the met: eof 
of the sea it was undoubtedly adjusted bolic activities of the cells tho: 
to the salt content of the water as it ex- hig] 
isted at that time. The salt content was COMPOSITION OF Bopy FLurps cial 
being continually increased through the Unfortunately, complete analyses trer 
addition of salts washed down from the the body fluids of the lower animals a: eret 
land into the sea. These additions must not vet available. We have good reaso! exal 
have accrued very slowly, indeed. Thé to believe, however, that they approac tozo 
fact that the living organisms continued more nearly the composition of the s met 
to exist is itself an indication of the fact water than do the bloods of the high mer 
that there was a continual adjustment of animals. Only very recently has the in tion 
the organisms to the increased concen- portance of the substances existing o1 tes 
tration. This adjustment has continued’ in very small amounts in body flui 


until it is now found that organisms’ been reeognized. Such substances m 


It 
year 
ciate 
evid 
envi 
of t 
acid 
quer 
eone 
wate 
whie 


have become adapted to living in a salt exist in the body fluids of the lower, 
solution, the concentration of which may vertebrate animals. Up to the pres 
be equal to or in exeess of that of a five they have not been recognized. 
eighths molecular NaCl solution. In all forms of the metazoa in wl 
But not all animals live in the sea. At body fluids exist there is a remarkab 
different periods in the earth’s history balance between the relative numbers 
there have been migrations from the sea molecules of sodium, potassium and ¢ 
to the fresher waters, and also from the cium of the cireulating medium, 
sea to the dry land. Many of these mi- ratio being in general of the ord 
erations took place relatively early in 100:2.2:1.5-2.5. In the sea water mi: 
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nesium salts occupy a prominent place, nit 
and they appear in the bloods of the 
lower forms also. Among the higher 
animals the magnesium plays no impor- 
tant part, and it would almost seem that 
the ancestors of these animals had taken 
their departure from the sea before any 
considerable amount of magnesium ex- 
isted in the sea water, or that these or- 
ganisms have the power to exclude mag 
nesium from their bodies. It is to be 
noted, however, that while the body 
fluids of many groups of animals con- 
tain sodium, potassium and calcium salts 
in essentially the same proportions as 
those in which they exist in sea water, 
the body tissues have the power to store 
up or to exclude these substances. Such 
storage or accumulation may occur 
whether the organisms be unicellular or 
multicellular, and indicate a gradual 


specialization upon the part of the se- It is to be noted that in almost 
ereting cells. Such specializations of a case the pH is on the alkalin 


chemical sort appear among diatoms, Neutrality. Measurements mad 


desmids, Foraminifera, Radiolaria, sili- the living protoplasm of vari 
coflagellates, sponges, Aleyonaria, An- indicate that the protoplasm 
thozoa, Bryozoa, ete., as well as in the Whole, more acid and less all 
higher groups. The fact that the spe- the medium in hi 


7 y 


cialization is very real is shown by the Amoeba protopl: 


41] 
Une 


tremendous amounts of material se- the protoplasm of 

ereted from very dilute sea water. For noderm eggs, one 

example, Clark has shown that the pro- egg and one species of Polyel 
tozoa of one family deposit 14x10® egg, all show a pH of 6.6 
metric tons of calcium per day. Nu- eggs died and began to cytoliz 
merous other similar cases might be men- increased to 4 or 5 


tioned. BLoop PIGMENTS 


HYDROGEN-ION CONCENTRATION OF SEA Increase in size and complexity of 
WATER AND Bopy FLuips metazoan bodies was made possible only 
It is only within comparatively recent through the development of mechanisms 


years that biologists have come to appre- providing for the rapid distr 


ciate the importance of some of the less throughout these bodies of the 
evident conditions which enter into the supplies of food and oxygen, an 
environment of living organisms. One _ elimination of wastes. Increase 

of these has to do with the degree of and complexity of the animal body 
acidity or alkalinity or, as we more fre- been associated with a relative reduct 
quently refer to it, the hydrogen-ion in the volume of blood contained 
concentration of the medium. The sea_ the body, and the activity of the 
water, by means of the various salts seems to be correlated with 
which it contains, maintains a very defi- of the blood to carry oxygen. 
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duction in volume has been coincident 
with developments along two lines: first, 
increase in the efficiency of the circu- 
latory apparatus, so that the fluid is car- 
ried more rapidly through the body; 
and, second, an increase in the efficiency 
of the blood as an oxygen carrier. It 
will be remembered that oxygen and car- 
bon dioxide are soluble in small amounts 
fluid, but these 
to meet the 
During the 


in water or in body 


amounts are insufficient 
needs of an active organism. 
course of evolution proteins, which have 
a remarkable power of forming easily 
dissociable compounds with oxygen at 
atmospheric pressures, have 
developed. These are the so-called blood 
pigments. Some of these are much more 
effective as oxygen carriers than others. 
The oxygen-carrying power of the blood 
will then depend upon the particular 
pigment which it contains and upon the 
amount of that pigment which is pres- 
ent. Named in order of importance 
these pigments are: 


ordinary 


Color 


Haemogiobin —= Ted 
Haemocyanin — 
Haemosycotypin - blue 
Chlorocruorin - green 
Haemerythrin . red 


Achroglobin . colorless 


Pinnaglobin . eolorless 


oxygen-carrying power of naemoglol 
The haemocyanin molecule is one of ; 
most unbelievable size, with a molecular 
weight of five millions. This figure 
estimated to be correct to within five | 
cent. 

All the blood pigments of the lowe: 
animals are dissolved in the bl 
plasma, but among most of the vert: 
brates the haemoglobin of the blood 
held within the walls of minute cells, th« 
red blood corpuscles. It will be readily 
acknowledged that material dissolved 
the blood plasma would be more likel: 
to be lost to the organism than materia] 
carried in cell envelopes. It seems safe 
to assume that the habit of enclosing 
small amounts of haemoglobin in env: 
lopes and of transporting them through 
the vascular system is an acquired habit 
The suggestion is made that this habit i 
an outgrowth of a possible symbiotic rv 
lation that may have existed far back in 
ancestral history, in which pigments 
similar to the pigment radicle of haemo- 


Metal present Distribution 


iron widely 

copper molluses, crustacea 
copper, zine molluses 

iron worms 

iron worms 


manganese molluses 


manganese molluses 


Of these pigments, haemoglobin is by far 
the most important. It is a protein sub- 
stance containing probably as many as 
two hundred amino-acid links in its 
molecule, which has been estimated to 
have a molecular weight of about fifty 
thousand. Of this substance there is a 
great amount produced daily by living 
animals, the amount being built up daily 
by human bodies being estimated at ten 
thousand tons. This substance repre- 
sents the highest degree of evolution by 
living matter of an oxygen carrier. The 
substance which ranks next to haemo- 
globin as an oxygen carrier is haemo- 
This has about one fourth the 


eyanin. 


globin may have been discarded by vari 
ous tissue cells as wastes, only to be 
picked up as possible food substances by 
invading protozoan cells. These cells, 
wandering about through the tissues, 
would have served to carry the pigment, 
with its combined oxygen, to the mor 
distant parts of the organisms, wher 
under reduced oxygen tension the oxy- 
gen would be released, to the benefit of 
the host. This habit, once acquired, can 
easily be imagined to have led not only 
to a conservation of pigment material 
once cast aside as waste, and now found 
valuable, but to an increased production 
of this valuable pigment material for its 
own sake as a factor in survival. 
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BLoop COAGULATION 
A physiological process of great im- 
portance to the individual, and likewise 
to the race, is that of blood coagulation. 
One needs not to be told that any con- 
siderable loss of blood is detrimental to 
the life of an individual. 
cially true in the 
in which the percentage, by weight, of 
blood has been greatly reduced. In the 
} 


ligher organisms the process of clotting 


This is espe- 


case of those animals 


involves a very carefully balanced series 
of chemical reactions, the explanation of 
which involves excursions into analyti- 
eal, organic, colloidal and _ physical 
chemistry. 

[f it is permissible to judge from what 
may be seen in a survey of the clotting 
function, passing from the lower animal 
forms toward the higher, it is possible to 
say that very early in animal history 
there began to be developed methods of 
conserving the blood supply. At first 
these methods were very simple. One 
very early method consisted in the mass- 
ing of the colorless corpuscles of the 
body fluid at the point of injury. These 
cells were equipped with long protoplas- 
mie processes or arms reaching out from 
the central body mass. The processes of 
one corpuscle became entangled with 
those of another and another and an- 
other, until there was a purely mechani- 
eal blocking of the blood flow. Such 
blocking was not, however, very efficient, 
and a great deal of blood might be lost 
before the flow became checked. 

Apparently the next step in the proc- 
ess of evolution occurred when the en- 
tangled cells began to undergo a sort of 
chemical change which left them as an 
agglutinated mass of protoplasm in 
which all semblance of cell boundaries 
had disappeared. This appears 
to have been closely followed by one in 
which there within the cell 
bodies the secretion of a substance which, 
when released from the entangled, ag- 
glutinated cells, gave rise to a fibrin-like 


stage 


occurred 
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constituted a more 


ad nate 
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against blood loss. 


Anoth«e r ste p was 


taken when there was added to the chem 


ical constitution of the plasma a sub 
stance which could be made to coagulate 
under the appropriate conditions. At 


first, this coagulation of the plasma was 
very slow and uncertain 
animals the coagulation of the plas 
has now reached a very high degree of 


perfection, and involves the interaction 


of substances in solution in the plasma 


with substances produced in tissue cells, 


which are released when the blood ves- 


sels are injured, and substances pro 
duced in certain of the blood cells, which 


are exceedingly sensitive to changes in 
environmental conditions This 
under 


as to bring in 


their 


chemical mechanism is now nor- 


mal conditions so effective 


a few seconds results which in the lower 
forms would have required as many 
minutes or an even longer period 


BLoop REACTIONS 


A line of investigations which has al 


ready yielded some positive results, and 
which promises much for the future, is 
that of precipitating and agglutinating 


eff. ets of various blood sera 
bloods. It } 


during the 


upon other 
as been shown that. while 


. ’ . . 
course ot evolution the de- 
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scendants of a common ancestor may 
have undergone such changes of form 
and structure as to make it almost im- 
possible to point to direct evidences of 
common ancestry, there still remain in 
the bloods of many animals some com- 
mon property or properties which may 
render it possible, through biochemical 
reactions, to determine their relation- 
ships. Professor Nuttall writes: 

A perusal of the pages relating to the tests 
made upon the many bloods I have examined by 
means of precipitating anti-sera, will very 
clearly show that this method of investigation 
permits of our drawing certain definite conclu- 
sions. It is a remarkable fact, as I stated on a 
former occasion with regard to my results with 
the Anthropoidea, and this applies to other 
groups of animals, that a common property has 
persisted in the bloods of certain groups of 
animals throughout the ages which have elapsed 
during their evolution from a common ancestor, 
and this in spite of differences of food and 
habits of life. The persistence of the chemical 
blood relationship between the various groups of 
animals serves to carry us back into geological 
times, and I believe we have but begun the work 
along these lines, and that it will lead to valu- 
able results in the study of the various problems 
of evolution. 

In 1907 it was pointed out that there 
is also an incompatibility between the 
bloods of different human beings. Since 
1910 human beings have been classed in 
four groups, the blood of only one of 
which, group four, including about 40 
per cent. of the population of western 
peoples, can be used for transfusion into 
members of all groups. There is still 
the possibility that these groups may, 
after further study, be subdivided. 

More recently, Landsteiner and Miller 
have shown that the haemagglutinins 
form even better means for distinguish- 
ing blood relationships than the precipi- 
tins. Racial differences between whites 
and Negroes are less, if existent, than 
those between the bloods of man and the 
anthropoids. Serological differences be- 
tween man and the lower monkeys are 
the same as those between anthropoids 
and the lower monkeys. Also they were 


able to show from a study of thirty-siy 
species of lower monkeys that there ex 
ists a correspondence between the dist: 
bution of a certain haemagglutinin and 
the place of the species in the zoological] 
system. This is evidently a line of 3 
vestigation which should be followed 
through with most extreme eare ai 
thoroughness. 


CHEMICAL ACTIONS IN Livine Marr 

It is customary to speak of the chen 
ical changes which take place in living 
matter by using the term ‘‘ metabolism. 
This includes a great variety of chemica 
operations, such as oxidations, redu 
tions, deaminizations, coagulations, di 
gestions, syntheses, ete. These are ope 
ations which would not occur at all, or 
only very slowly, except for the pres- 
ence and activities of certain catalytic 
agents which we call enzymes. Catalyt 
actions are characterized by the fact 
that the chemical composition of one ot 
the products found at the end of the r 
action is the same as that of one of th 
initial substances. Such reactions hav 
been held to be quite specific, but spec 
ficity here appears to be more a quanti- 
tative than a qualitative relation. For 
all enzymes the time required to bring 
about small, equal changes in the sub 
strata is roughly inversely proportiona 
to the concentration of the enzyme. Th: 
enzymes are inhibited in their activities 
by the presence of the products of reac 
tion; they are relatively unstable and 
retain their catalytic power only withi: 
a very limited range of temperatures 
and within a rather narrow range ol 
hydrogen-ion concentrations. They hav 
been found to bring about balanced ac- 
tions, 2.e., to operate both to break dow 
and to build up. They are thus able t 
break down food substances into mole- 
cules capable of diffusing through mem- 
branes into cells, and then to build up 
within the cells these small molecules 
into the more complex carbohydrates, 
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fats and proteins found in living matter 
They also take part in the building up 
of the various secretions, poisons, ete., 
produced by many animals. Among the 
higher animals the number of enzymes is 
very large, and the work which each does 
is very narrowly limited. Every cell, 
tissue and organ of each individual or- 
ganism is a chemical laboratory in whic] 
a considerable variety of chemical! opera- 
tions takes place. The character of the 
processes depends upon two sets of fac- 
tors: first, the nature of the subst: 
acted upon, and second, the nature 
the enzyme taking part in the reaction. 
It seems very likely that the differences 
between the various proteins which char- 


inc 
of 


S 


acterize unlike species of animals may be 
accounted for by the fact that the en- 
zymes responsible for the synthesis of 
these substances are very slightly differ- 


very simi- 


? 
ent from each other, althoug 


lar in many respects. 

A complete list of the enzymes oceur- 
ring in any one of the higher animals 
would be quite extended. As to the 
number of enzymes to be found among 
the lowest animals we have little infor- 
mation. One for lack 
knowledge is that an enzymic analysis of 


reason our of 
animals of microscopic size is not very 
easy; a second reason is that only com- 
paratively recently has the possible sig- 
nificance of such an investigation been 
apparent. It is known that the enzymes 
of the lower forms are more generalized, 
less specialized, than those of the higher 
animals. For example, among the pro- 
tozoa, a trypsin-like enzyme, which acts 
upon proteins, is found. There are 
very doubtful evidences of the presence 
of pepsin, and specialized enzymes ¢a- 
pable of acting upon starches, sugars 
and fats probably do not occur at all. 
Among the Coelenterates pepsin, as well 
as trypsin, occurs; and lipase, amylase, 
maltase and, in some cases, glycogenase, 
are present. Among the worms and 
Echinoderms a few more enzymes make 
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Among the lower metazoan forms 
there are, in addition to the elimination 
by diffusion of soluble 
through the membranes of the body wall, 
wandering cells which take up granular 
wastes produced by metabolic activity. 
The wandering cells carry these to some 
exposed portion of the body, such as a 
gill filament or to some other area, work 
their way to the outside, and there dis- 
integrate. This process is referred to as 
intracellular excretion. The waste ma- 
terials are then washed away. Or the 
wandering cells may carry their burdens 
of wastes to some relatively inactive cor- 
ner of the animal body, and there de- 
posit their load of rubbish, as in some 
old attic. There are thus formed masses 
of accumulated granular wastes, fre- 
quently pigmented, which are very char- 
acteristic of such forms as the starfishes. 
This is termed storage excretion. 

Among the worms and higher forms 
these primitive types of excretion be- 
come more highly elaborated, and the 
processes centralized in special organs, 
nephridia or kidneys, developed for the 
purpose. The cells upon which devolve 
the function of forming the excretion 
granules become, among the worms, very 
numerous, and the nephridia apparently 
have the power to carry off such gran- 
ules as are given over to the coelomic 
fluid by the disintegration of the excre- 
tophore cells. At the same time some of 
the cells of the nephridial tube appear to 
be specialized as secretory cells, appar- 
ently comparable to some of the glandu- 
lar cells of the tubules of the mammalian 
kidney. 

Among the higher terrestrial animals 
there is added to the excretory work of 
the kidneys another function, that of 
conserving the water content of the 
body. This is accomplished through the 
resorption of water which has filtered 
through the glomerulus and is on its way 
to be passed out of the body. 

It is interesting to note that while the 
character and efficiency of the excretory 


substances 
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organs have undergone a great ey 
tion, the nature of the substances . 
ereted by the higher forms is not ver 
greatly unlike that of the substances 
ereted by the lower forms. In this t] 

is evidence that the end products of t 
metabolism of different animal grou 
are strongly similar. Among mollus 
for example, there appear as excret 
products inorganic salts, creatine, c 
tinine, taurine, ferric 
acid. Among the Arthropods urie ac 
is occasionally found and guanin is t 
most important excreted  substa 
Among the higher animals urea app: 


} 


in the urine in the place of urie acid. 


salts and u 


CHEMICAL REGULATION 

In the bodies of adult vertebrates 
there are certain substances known as 
hormones, which have profound effects 
in the regulation of various physiologi- 
cal activities. These substances are p1 
duced in any individual in very minut: 
amounts, but must be present if the o1 
ganism is to function normally. Th 
hormones are relatively simple chemical 


compounds of the nature of drugs, sinc 
they do not lead to the production of 
antibodies; they are not enzymes, sinc 
they are not readily changed by condi- 


tions which render enzymes inactive; 
they are of small molecules, since they 
diffuse rather readily through animal 
membranes. Most interesting and im- 
portant, however, is the fact that tl! 

hormones have uniform and constant ei 
fects, no matter by what organism the) 
are produced. In fact, some of them 
have been synthesized in the laborator) 
and are just as effective as those pro- 
duced under natural conditions. Our 
knowledge of these substances is limit: 

almost entirely to those occurring in t! 

higher vertebrates, such as the secretions 
of the thyroid, parathyroid, pituitary, 
pineal and adrenal glands. There is ev!- 
dence that adrenalin or a _ substance 
closely allied to it occurs in the leeches, 
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in some others of the higher worms and 


in some molluses; but concerning the ex- 
istence or role of other endocrine secre- 
tions among the invertebrates very little 
is known. The evolution of the 
brates appears to be very closely asso- 
ciated with the development of these 
chemical regulators. At any rate it 
seems clear that the highest types of liv- 

animals are to a very great degree 
dependent upon the secretions of these 
ductless glands for the positions which 
the animal scale. 


verte- 


mn 
Lil 


they occupy in 
REPRODUCTION 

In no single physiological function is 
there clearer evidence of evolution than 
in that of the continuance of the proto- 
plasmic line which we commorly refer 
From the simplest 
division of an amoeboid cell to form two 


to as the species. 
daughter cells, through the stages of in- 
cipient sexualism, up to the most highly 
developed reproductive processes of the 
mammals, is a long story of biological at- 
tempts to ensure the continuance of the 
race, to reduce the wastage of energy 
involved in the building up of valuable 
germinal material and to conserve the 
lives of individuals once started on their 
course of development. 

There may be included in this story: 
the increases in the number of eggs pro- 
duced, up to several millions per female; 
the very great excess of sperm produced 
in most species of animals; the provi- 
sions made for ensuring the fertilization 
of the eggs; 
for the protection of the eggs during 
their period of development, such as egg 


the various provisions made 


laying in strings or masses, nest build- 
ing, and egg attachment to parent or to 
some solid object; increase in the amount 
of food yolk included within the egg, so 
as to lengthen the period before hatch- 
ing; the secretion of shell and albumen 
coats upon the eggs; the retention of the 
eggs within the body during a period of 
development; the gradual evolution of 
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Similarly, some of the lower metazoa, 
the sponges, flat worms and some coe- 
lenterates reproduce by simple fission or 
by budding off a portion of the body 
which reproduces the whole. Here again 
is no place for death. No residue is left 
behind in the passage from one genera- 
tion to the next. 

In a similar sense it may be said that 
the germ cells of the higher animals are 
immortal. The fertilized egg cells give 
rise to cells of two sorts, those which 
form the soma, and germ cells. These 
germ cells give rise to other germ cells 
and other somata. This process is re- 
peated over and over and forms a con- 
tinuous cycle. The soma perishes, but 
the germ cells live on. 

It has been found possible in experi- 
tissue cultures to isolate 


ments upon 


small bits of embryonic tissues of various 
kinds in artificial media and to cultivate 
and keep them alive under observation 


for a long time. Interesting it is that 
such cells may retain their embryonic 
characters for many times the natural 
lifetime of the species which they repre- 
sent. It appears probable, therefore, 
that the cells of all the essential tissues 
of the metazoan body, when so placed 
separately as to be provided with the 
appropriate food in the right amount 
and to have the deleterious metabolic 
wastes promptly removed, are potentially 
immortal. The cells so cultured do not 
become highly differentiated so long as 
they grow out of association with other 
tissue cells. It, therefore, appears that 
differentiation of tissues along special 
lines for special purposes is conditioned 
by association with other and 
inevitably leads to conditions which 
result in senescence and, finally, death. 

Study of the growth relations of fishes 
and other animals by Bidder shows that 
a water-borne animal may continue to 
grow almost indefinitely, but that swiftly 
moving land animals must maintain a 
definite relation between body weight 
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Fic. 1. A CHART INDICATING THE SALT CONTEN 
OF THE BLOODS OF LARGE GROUPS OF ANIMALS A‘ 
DETERMINED BY THE FREEZING POINT METHOD 
Abscissae indicate freezing points; ordinates 
indicate durations of time during which the salt 
content of the ocean has been increasing from 
a minimum to the values now found in the 
Atlantic and in the Mediterranean Sea. The 
suggestion is made that the grouping of fres! 
water fishes, mammals, amphibia, and birds 
may have some relation to the concentration of 
salts in the sea when the ancestors of these 
animal groups left their marine habitat. T! 
diagonal may represent the rather steady and 
continuous increase in the salt concentration of 
the sea water with the passage of time. 
Rogers, ‘‘Text Book of Comparative Physiol 
ogy,’’ Copyright, 1927, by the McGraw-Hill 
Book Company, Ine. (Reproduced here by per 
mission. ) 
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and the cross-sectional areas of their 

bones and muscles. Before puberty, men able 
and plaice show additions to weight, in now, 
equal intervals of time, in geometrical peds 
progression. After sexual maturity ad- howev 
ditions in weight occur in arithmetical capital 
progression. In the fish the annual in- die, th 
erement remains positive; in the man the ing giants 
difference in weight actually becomes From th 
negative, and from twenty-eight years summary it 

of age on there is a constant net loss of of animal evo! 

weight of protein, amounting annually tionship may be secured 

to about 0.8 per cent. of the weight at of lines of physiologiea 
twenty-eight years. The mechanism of evidences seem as worth 

the adult body is set after puberty to a those coming from paleont 
eertain annual balance of profit and loss: arative anatomy or embryol 
for aquatie animals this may be a posi are doubtless other similar 
al; quiry which have a b 


tive increment and life may be etern 
for terrestrial animals the length of life general problem, and ther 


depends on the nearness to equality of question as to the need for 
ge 4] 


profit and loss. An annual increment, knowledge of the facts 
however small, will eventually result in which have been mentioned 
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THE relations between light and elee- 
tricity are of unending interest. More 
than fifty years ago the experiments of 
Faraday and the calculations of Max- 
well culminated in the splendid electro- 
magnetic theory of light, on which sub- 
sequent research has built largely and 
firmly. 

Even in the early days of the theory 
there was known to exist a peculiar and 
special relation to which the name of 
photoelectricity was given. The theory 
gave no ready explanation of it. Light 
falling upon a metal plate could cause 
the plate to become positively charged ; 
ultra-violet behaved better in this respect 
than visible light. When subsequently 
the electron was recognized and defined, 
it became clear that the photoelectric ef- 
fect could be explained as due to an 
emission of electrons from the metal 
under the influence of the light, and 
various suggestions were offered as to 
the nature of the mechanism. It was 
clear that the absorption of energy from 
the electromagnetic waves of light was 
replaced by the energy of electrons in 
motion, though at that time there was 
no obvious relation between the quanti- 
ties of energy in the two forms. As 
time went on it was realized that this 
particular transformation was not an 
isolated effect ; it was but an instance of 
one of the most important and wide- 
It was to 


spread processes of physics. 
be observed not only in the case of light 
but of X-rays and y-rays also; and in- 
deed in their case it was infinitely plainer 


and more accessible to experiment. But 
it also became continually clearer that 


1 Address before the Royal Institution of 


Great Britain. 


the process was not to be explained 
any simple fashion, if at all, by tl 
original electromagnetic theory of light, 
or by any natural development of that 
theory. 

At the same time a number of other 
physical phenomena, and especially th 
relation between the quality of the radia- 
tion from a hot body, and the tempera 
ture of that body, showed also that t! 
older theories were unable to 
for the facts. They could be accounted 
for by supposing that heat could | 
radiated or absorbed only in parcels 
definite size, no fractions being allow 
If such an idea might be reconciled wit! 
the undulatory theory, 1.e., of electro- 
magnetic waves, at least it was not con 
tained therein. This was the beginning 
of the quantum period. 

In 1905 Einstein published a pioneer 
paper in the Annalen der Physik in 
which the quantum was given an iden- 
tity even more definite than that whic 
Planck had assigned to it in his studies 
on heat radiation. Light was to be re- 
garded not as a uniform train of spheri- 
eal waves but as a flight of ‘‘quanta,”’ 
corpuscles of some form to be better 
known on closer acquaintance. By re- 
verting to a corpuscular theory of light 
he was able to connect the new facts, 
which were in such apparent discord 
with the undulatory theory. 


account 


In doi! M4 
so he, of course, shut his eyes for the 
moment to the marvelous and most suc 
cessful development of the latter theory 
to the explanation of such phenome 

as reflection, refraction and diffraction. 
He would simply find a new theory t 

connect the new facts; this done, the 
new and old theories could be brought 
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together in the hope of welding them 
together. As he announced in the title 
of his paper, he was going to take the 
heuristic point of view. 

Since 1905 new discoveries of first- 
class importance have been made, but 
still there is no simple answer to the old 
question. The most recent and, so it is 
said, the most successful solution is 
given by the hypothesis of so-called 
wave-mechanics, due largely to M. L. de 
Broglie and Dr. E. Sehrédinger. It is 
now the subject of eager discussion in 
mathematical and physical circles. 

The managers of the Royal Institution 
have invited Dr. Schrodinger to give a 
short course of lectures on wave- 
mechanics at the Royal Institution, and 
have been gratified by the acceptance of 
their invitation. It has been arranged 
that the lectures shall be given on March 
5, 7, 12 and 14. Also Professor Whit- 
taker, of Edinburgh, has accepted an in- 
vitation to give the Friday evening dis- 
eourse on March 16, on which occasion 
he will try to summarize for the benefit 
of our members the features of the new 
position. 

My discourse this evening is meant to 
be of a preparatory nature. I would 
like to set out the observed facts for 
which it is so difficult to find a common 
explanation, so far as it is possible to do 
so in the short time at my disposal. I 
ean not. of course, tell the whole story ; 
I can only describe a few of the most 
important details of it. 

Einstein begins his 1905 paper by 
pointing out, as a curious fact, that mat- 
ter is now looked on as a collection of 
diserete particles, while light, which re- 
sembles matter in being one of the great 
phenomena, is treated as a continuous 
distribution in the space over which it 
passes; and he suggests that it would be 
well to consider a discrete view of light 
also. He then enumerates certain ex- 
perimental results which would be in 
obvious agreement with the new theory, 
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ordinary result. It might have been 
thought that the more energetic or vio- 
lent the waves of light which caused the 
emission of the greater the 
velocity with which the electrons would 
start on their way. And as to the influ- 
ence of frequency, it would be difficult 
how it would go; though one 
would not readily expect it to be the 
sole arbiter of the velocity. But if light 
was corpuscular the process, though still 
unexplained in detail, ceased to look so 
strange. Each corpuscle acting inde- 
pendently would cause the emission of 
an electron. The intensity of the beam 
of light would depend on the number of 
corpuscles it contained, and their impact 
on the body would cause a proportion- 
ately large emission of electrons, making 
the photoelectric effect. And light of 
high frequency would on the corpuscu- 
lar view consist of swiftly moving cor- 
puseles, which, having large energy, 
would cause the emission of relatively 
swift electrons. The whole phenomenon, 
by its character and definiteness, spoke 
entirely for the corpuscular theory. 
Einstein explains the point perfectly 
clearly in his famous paper of 1905, and 
suggests that, if he is right, far more 
eareful quantitative observations would 
be justified, as they would give an au- 
thoritative verdict on the validity of the 
theory which he proposed. He suggests 
that workers might bear his views in 
mind when proceeding with their experi- 
ments. 

Einstein’s theory must have been dis- 
eussed exhaustively; but, so far as I 
know, no allusion to it, or criticism, is to 
be found in the principal journals of 
physies for some years afterwards. In 
fact, it was not until seven years later 
that Richardson and K. T. Compton car- 
ried out the careful measurements which 
Einstein suggested. 

The results were in absolute accord- 
ance with the exact rules which he had 
supposed would govern the photoelectric 
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effect, having based them on the |] 
well-defined information 
available when he first wrote. 

I must now be permitted to deserily 
some experiments which I carried out 
Australia twenty years ago in conjunc 
tion with several helpers, in particular 
R. Kleeman and J. P. V. Madsen. I had 
been working out certain laws whic! 
governed the passage through matter o1 
the X-rays emitted by radium; and | 
had tried to carry over the informatio: 
so obtained to an investigation of th 


which wa 


behavior of the B- and y-rays. Now 
when y-rays fall upon a substance they 
excite B-rays, which are electrons in very 


swift motion. In fact, the analogy with 
the photoelectric effect is exact, for the 
rays as we now know are a form of light 
of very high frequency. The character 
istic features of the photoelectric effect 
appear here also and greatly emphasized. 
The swift B-rays are far easier to detect 
and to examine than the electrons set in 
motion by light. The parallelism was 
not then so obvious as it is now, and for 
my own part I could not then believe in 
its existence. Our experiments fitted in 
perfectly with a corpuscular hypothesis 
of the nature of the y-rays; and I sup 
posed that the undulatory theory of 
light unshakable. I should, of 
course, have thought otherwise if I had 
been aware of Einstein’s paper, to whic! 
I have already referred; but it is easy 
to miss a single reference when one is in 
a very isolated laboratory, and, as I said 
before, there are few if any allusions to 
the paper in the current literature of 
the years immediately following its ap- 
pearance. 

Our experiments in 1907 and 1908, 
coupled with others to which we were 
able to refer, led us to the following 
conclusions : 

(1) When £-rays or y-rays were inci- 
dent on matter the energy of any result- 
ing secondary radiations of any kind, £ 
or y, came from the rays. There was no 


was 
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‘‘induced’’ radioactivity ; no case of the 
energy of an atom being tapped. The 
adoption of this hypothesis simplified all 
further considerations of the phenomena. 

(2) The so-called hard or very pene- 
trating y-rays produced swift and pene- 
trating B-rays; soft y-rays produced slow 
B-ray 

The penetrating power or quality 
of the B-rays, produced by the action of 
y-Tays, depended only on the quality of 
the y-rays, not upon the intensity of the 
y-rays nor upon the nature of the sub- 
stance in which the transformation of 
energy took place ; it was practically ne 
same as that of the G-rays issuing from 
the radium itself. 

(4) The B-rays produced in any sub- 
stance by the action of the y-rays moved 
at the outset in the original direction of 
the y-radiation. 

The last statement is capable of simple 
demonstration in the lecture room. The 
necessary apparatus is shown in th 
figure, which is taken from a paper by 
Madsen and myself. The radium is 
buried in a mass of lead, at the foot of 
a conical pit. Both B- and y-rays issue 
from the mouth of the cone, but the for- 
mer are turned aside by a strong mag- 
net. The y-rays pass on alone into an 
ionization chamber. The beam of y-rays 
is not quite free of B-rays because the 
latter are aroused even in the air through 
which the y-rays pass on their way to the 
chamber, but the magnet has removed 
most of them. If now a carbon plate be 
placed in the path of the y-rays as they 
enter the chamber there is a large in- 
crease in the ionization current; the 
y-rays as they pass through the block on 
their way generate B-rays, which cause 
the observed effect. But if the carbon 
plate be placed on the far side of the 
chamber so that the y-rays strike it on 
the way out, there is a relatively small 
increase in the current. Yet the rays 
must have generated B-rays to very 
nearly the same amount in both posi- 
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with a certain speed against the anti- 
cathode, tlhe X-ray which is thereby ex- 
cited passes away and, falling on some 
substance, it may be far or near, sets 
in motion an electron which has a speed 
comparable with, sometimes nearly equal 
to, that of the original. Here again is 
the same kind of transformation of 
energy, which is simply pictured as car- 
ried, unchanging on its way, either by 
the 8 electron or the corpuscle of the 
y-ray. 

I may say, I think, that in these ex- 
periments we were, though unwittingly, 
carrying out Ejinstein’s suggestion that 
the corpuscular hypothesis deserved 
careful exploration ; and the results were 
in entire agreement with his hypothesis. 
It was true, however, that I thought of 
the X-ray and y-ray problems as distinct 
from that of light; and I ventured pre- 
maturely to give form to the corpuscle 
as a neutron, an electron compensated 
as to its charge by the addition of a neu- 
tralizing amount of positive. 

In 1910 and 1911 C, T. R. Wilson pub- 
lished accounts of his experiments with 
his fog chamber. These rendered ob- 
vious to the eye those tracks of the 
various rays through a gas which we had 
endeavored to map out by more indirect 
means, and entirely confirmed the con- 
clusions that had been reached. I may 
perhaps be allowed to illustrate this in 
the special case of the q-rays, though 
they do not fall within the limits of our 
subject. In Fig. 1 is shown a set of 
tracks of q-rays drawn so as to be in ac- 
cord in the first place with the work done 
in Adelaide; and also to agree with the 
more recent experiments on their scat- 
tering performed by Rutherford and 
Geiger. Fig. 2 is from a photograph of 
one of the well-known early achieve- 
ments of Wilson. It may be a2 matter 
of interest that on a certain occasion in 
the Cavendish Laboratory at Cambridge 
we showed them to each other for the 
first time. 


Wilson’s photographs of the tracks of 
X-rays, §-rays and cathode rays, placed 
the argument on a different plane; and 
their beautiful detail opened up the way 
to quantitative measurements which had 
seemed impossible. It was now obvious 
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Fic. 1. SUGGESTED FORMS OF THE PATHS OF q 
PARTICLES PROJECTED UPWARDS FROM RADIUM A 
R R. 





Fic. 2. FROM PHOTOGRAPH OF q-RAY TRACKS BY 
C. T. R. Wison. 
Courtesy of Macmilian € Co., Ltd. 


to the eye that X-rays and y-rays did not 
of themselves ionize a gas, but set in mo- 
tion electrons which did so. The lengths 
of the tracks of these electrons in a gas 
eould be measured, and their initial 
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velocities be calculated therefrom; their 
directions of ejection could also be ob- 
served. All fitted in perfectly with the 
quantum theory of the X- and y-rays, 
even when refinements could now be 
studied, as, for example, the differences 
in velocities ot ejection which were to 
be expt ected on Bohr’s theory of station- 
ary state. 
In 1913 the discovery of the diffrac- 
tion of X-rays by the erystal opened up elk etrones at 
a new point of view, and once more part of some « 
changed, or rather enlarged, the aspect X-rays are 
of the question. It now appeared that  gjoctrons: 
X-rays and y-rays in these effects be- 4, eset 


haved like long trains of spreading x 


aust Sow 


: particles of 
waves, and no clear picture of what 
happened could be obtained in any other 
way. In this matter the corpuscular 
theory was at sea. Even the old single- 


which are very fine X-ray 


it has often been remark 
scattered rays are somewhat soft: 
the originals. A. H. Compton 


pulse theory was in no better case, be- : ; ae 
: spectrometer to examine if pos 


cause it did not provide the regular 
succession of similar waves which was 
required to account for the crystal ef- 
fect. The new discovery consolidated 
the position, linking together light, 
X-rays and y-rays as one phenomenon; 
if they were regarded from the point of 
view of the undulatory theory they were 
all waves which differed only in fre- 
quency. If any other point of view was 
taken, that of a corpuscuiar theory for 
example, the equivalence must be ex- 
pressed in some equally effective fashion. 
On the other hand, the simplification 
emphasized the difficulties of the posi- 
tion, since it left no escape from the 
necessity of finding a theory which could 
with equal ease and effectiveness express 
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They represent the results of 
trometer observations ; in 
hump is due to rays that ha 
altered by scattering, and ha‘ 
, . a ; : . the same freq 
itself in terms either of waves or of 
corpuscular projectiles. Whether or no 
this has yet been done by any of the 
theories now in being is indeed the ques- 
tion of the day; our judgment will, I 
hope, be assisted by the lectures that are 
to follow. 

Meanwhile matters have by no means 
remained stationary since the powers of 2A. H. Compton, ‘‘X 
X-ray and crystal analysis have been put New York, D. Van N 
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Caleutta, has just announced in Natur: 
that he is able to explain the Compton 
effect on classical lines, and promises to 
give his new theory in full. 
Primary On the other hand, the corpuscular 
theory gives at once an explanatio. 
which is relatively simple, and allow 
quantitative deductions to be made w! 
Scattered by are in entire agreement with the facts 
Graphite at If a corpuscle or ‘‘photon,’’ to use 
term which has lately been suggest: 
comes into collision with an electron, a 
it can do in traversing any material, it 
is possible to work out the consequenc: 
as if for an impact between two billiard 
balls, assuming only that both photon 
and electron have momentum an 
energy, the quantities being reckon: 
according to rules already established. 
The result is that the photon goes ofi 
with somewhat diminished energy ; it h: 
lost ‘‘frequency,’’ and the calculated 
loss is exactly that which is shown 
Fig. 3 as the result of experiment 
Moreover, the electron ought to start off 
with a certain amount of energy, and 
when Wilson’s photographs are ex- 
6°30 7°30 amined the predicted tracks are found 
Courtesy of D. Van Nostrand Company, Inc. on them. Thus the spectrometer, whic] 
Fig. 3. ABSCISSAE REPRESENT ANGLE OF SCAT- is based on an undulatory theory of plaine 
TERING AND ORDINATES REPRESENTING INTENSITY. 
THE HUMP ON THE LEFT OF EACH FIGURE REPRE- 
SENTS THE INTENSITY OF THE SCATTERED RADIA- 
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X-rays, has established facts which are theory 
in accord with the corpuscular theory. eS 
TION, WHICH HAS THE SAME WAVE-LENGTH AS When we see in this way that radia- has sh 
THE PRIMARY BEAM. THE HUMP ON THE RIGHT tion, which has always been thought of throug 
MARKED M REPRESENTS THE INTENSITY oF THE aS undulatory, can on occasion display are for 
MODIFIED PORTION OF THE SCATTERED RADIATION. corpuscular properties, we are prompted the otl 
THIS FIGURE SHOWS HOW THE EFFECT DEPENDS to ask whether moving electrons—{-rays, be ex] 
ON THE ANGLE OF SCATTERING. eathode rays, and so on—which we have tativel, 
always considered as corpuscular, ma) passins 
fied; at the same time, as already said, not behave sometimes like waves? Thi particl 
the change of wave-length is constant answer appears to be in the affirmative. Thoms 
from substance to substance. The phe- In America Davisson and Germor ha\ to give 
nomenon is a little like that of fluor- recently described most remarkable ex- Friday 
escence, but the likeness is only on the periments in which moving electrcns are and thi 
surface. But this is true of both, that reflected by crystals in a manner bear- tures b 
the undulatory theory does not suggest ing an obvious, though diffuse, resem- Whitta 
a simple explanation in either case. I  blance to the now well-known reflection 
ought to say that Professor Raman, of of X-rays, and the latter is always ex- 
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plained on the basis of an undulatory I hope 
theory. More recently still, Professor present pi 
G. P. Thomson, of Aberdeen University, extraordinary 
has shown that when electrons are shot ties. Perhaps the details 
through a very thin film of metal, halos are sorting themselves out. 
are formed upon a photographic plate on gee he! 
the other side of the metal, which may 

be explained qualitatively and quanti- quired for the complete resi 
tatively if the electrons act as waves in) whop 
passing through the minute crystalline 
particles of the metal film. Professor 
Thomson has promised, I am glad to say, 
to give us an account of this work ina —. 

Friday evening discourse after Easter, joined? Per 
and this will follow naturally on the lee- * more tha 
tures by Dr. Schrédinger and Professor ¢lse than 
Whittaker. wait. 


ore long where we 
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LOGIC OF GRAVITATION 


By Dr. HENRY LANZ 


STANFORD UNIVERSITY, CALIFORNIA 


IN the opening chapter of ‘‘ An Intro- 
duction to Celestial Mechanies’’ Profes- 
sor F. R. Moulton expresses a regret that 
owing to the difficulty and complexity of 
metaphysical speculations science is not 
in a position to enter into the discussion 
origin’’ 


sé 


of questions pertaining to the 
of the laws and principles involved. ‘‘It 
is not to be understood,’’ he adds, ‘‘that 
such investigations are not of value 

In order to obtain a complete under- 
standing of the character of the conclu- 
sions it would be necessary to make a 
philosophical discussion of the reality of 
the elements and of the origin and char- 
acter of the principles and laws.’’ This 
is a vast design involving the whole body 
of logic. In partial fulfilment of it the 
present paper is conceived. 


MopaLity OF GRAVITATION 

Every law of nature is an assemblage 
of logical elements in a specific correla- 
tion with each other. Among various 
forms of interrelation of those elements 
there is one which the logicians of the old 
school were in the habit of calling modal- 
ity. Modality is a logical category that 
indicates the degree of certainty asso- 
ciated with a given judgment. A judg- 
ment —and every law of nature is a 
judgment—may be pronounced proble- 
matically as mere conjecture, or stated 
empirically as a fact, or on the basis of 
certain assumptions established as a nec- 
essity. Thus modality is commonly re- 
garded as having three forms: hypothe- 
sis, facticity and necessity. The only 
form of necessity recognized by science 
is mathematical necessity. 

Now we are in position to formulate 
our problem more specifically. From 
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the vast terrain of inquiry suggested 
Professor Moulton we select a smal}, } 
highly representative and _ instructiv 
segment. We limit our task at present 
to the logical analysis of the law 
gravitation, and more specifically to t 
analysis of modality of that law in t 
form in which it was originally formu 
lated by Newton. 

Is the law of gravitation a n 
hypothesis invented to suit certain fact 
obtained by observation? Or does 
possess a certain degree of mathematical 
necessity which can be formulated apart 
from and prior to any astronomical ob- 
servation or physical experiment? If 
does, in how far is it mathematically 
**necessary’’ and in how far does it de- 
pend on ‘‘facts’’? It is commonly | 
lieved that the law of gravitation is 
hypothesis with a very high degree of 
verification by facts. Is this current 
interpretation of the modality of the law 
correct? ‘‘Hypothesis,’’ we read in an 
authoritative treatise on logic,’ ‘‘is a 
name that may be applied to any con- 
ception by which the mind establishes 
relations between data of testimony 

so long as that conception is one 
among alternative possibilities, and is 
not referred to reality as a fact.’’ Is the 
law of gravitation ‘‘referred to reality as 
a fact’’ or does it allow ‘‘alternative 
possibilities’’? We shall begin our in 
vestigation with the law of areas. 


LAW OF AREAS 
On the assumption of central accelera 
tion is it possible for a body not to de- 
scribe equal areas in equal times? Let 
us briefly recapitulate Newton’s argu- 


1B. Bosanquet, ‘‘ Logic,’’ 2, 155. 
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ment on this impertant point. Suppose 
central 
Let us re- 


re pre- 


a body is subject to a force, 
whatever its nature may be. 
gard the action of the force as 
sented by a series of infinitesimal blows 
or pushes. Suppose that at the time 
instant t, the body moves in the direce- 
tion of the line AC (Fig. 1), and that 
upon arriving at B at the end of an in- 
interval of time ft,t, it is 
force 
During the 


- t,t, under 


finitesimal 
acted 
acting along the line OB. 
next increment of time t,t, 
the effect of two velocities the body will 
CE=BD being 
the velocity acquired at the end of the 
preceding interval of time. The tri 
angles OEB and OCB having the base 
OB and equal altitudes EM and CL have 
equal areas. For 
area of the triangle BOC is equal to that 
of BOA. Therefore S5EOB=4BOA 


upon by an instantaneous 


be sent to the point E, 


similar reason the 





If the process be repeated, during the 
next equal interval of time the lines OE 
and OH joining O to the positions occn- 
pied by the body at the instants t,, t, 
will form triangles of equal areas with- 
out regard to whether the lines EF and 
BD are equal or not, i.e., whether the 
acceleration is not. Since 
the duration of our time increments may 
be diminished indefinitely and since in 
any given interval of time equal number 
of equal triangles will always be de- 
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Mathematical analysis never gives us any 
clue as to reality of the objec 
eussed. It only shows that if 


such a proposition is true of 


some other proposition must be true of 
that thing. 


If there is in nature such 
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a thing as a Euclidian triangle, the 
sum of its angles must be equal to 180°. 
If there is any body that moves under 
the effect of a central force, its radius 
vector must describe equal areas in equal 
times. Newton proves that the converse 
is also true (B. 1, Prop. 2), i.e., if there 
is a body that follows the law of areas, 
it must be moving under the effect of a 
central force. Yet the mathematical 
analysis can not prove that any such 
body exists. Here the observation comes 
in. Kepler observed that Mars does ac- 
tually move in such a way that the 
radius vector joining it to the sun covers 
equal areas in equal times. The con- 
clusion is that the planet has a central 
acceleration towards the sun. 


GALILEI’S ACHIEVEMENTS 

It is furthermore not difficult to show 
that under the assumption of a constant 
central acceleration all Galilei’s formulae 
for falling bodies follow mathematically 
from that single assumption. For, since 
the acceleration is constant, we have 

d’s 

ie k. 

After two successive integrations it 
becomes: 

s-—f(t) =’/.kt?+C, 


i.e., acceleration can be constant only on 
the condition that the original function 
(the space traversed) is proportional to 
the square of the time, which is the basis 
of all Galilei’s deductions. 

Next to Kepler’s three laws of plane- 
tary motion, Galilei’s law of the falling 
bodies constitutes another historical 
premise of Newton’s work. We see 
again that this premise involves no hypo- 
thetical elements. It is not a happy 
guess that should be first verified by a 
laboratory experiment. It is mathe- 
matically necessary. If we assume that 
heavy bodies fall under the effect of a 
force that remains constant, they can not 
possibly fall according to any other law 
—not because we observe them in that 


condition, but because it is mathen 
cally impossible. To say that a b 
moves under the effect of a constant 
force is the same as to say that the spac 
traversed by it is proportional to t 
square of the time. 

NEwToON’s Law OF GRAVITATION 

We have seen that Galilei’s laws 
falling bodies follow mathematically 
from the assumption of a constant gravi 
tational foree. It is natural to assum: 
that the force remains constant on 1 
surface of the earth as long as we bh 
lieve that earth is a perfect sphere. Bi 
what will happen to the force as we mov: 
away from the center of gravity? Will 
the force vary with the distance? And 
if it will, according to what law? Th: 
was the problem that Newton faced. 

And here we clearly perceive at on 
that the concept of central force alon 
not sufficient to derive the law of gray 
tation. It does not give us any clu 
to how the intensity of force will chang 
with respect to the distance. In eac 


he 


particular case the nature of t 
depends on the law of the force. 
know that the body moves in a spiral, 
then—assuming that it moves under t 
effect of a central foree—we can analyti- 
cally find that the intensity of that force 
changes in the reverse proportion to th 
eube of the distance (B. 1, Prop. 9 
If we know that the body moves in 


ellipse, then—assuming that it moves 
under the effect of a force directed 
toward the center of the ellipse—we shall 
find that the foree changes directly as 
the distance. Suppose that we never 
find such conditions in nature. T! 
would have no effect upon the mathe- 
matical validity of our results. In fact 
we never find those conditions fulfilled, 
at least not in celestial mechanics; t! 
controlling body of a gravitational sys- 
tem is never located in the center of any 
elliptical orbit described by any of its 
satellites. It is always found to be lo- 
cated in the focus of the ellipse. 
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LOGIC OF GRAVITATION 


Thus it is impossible to derive the law expression 
of gravitation mathematically from the guess t 
assumption of central force, as it was found 
p yssible with re card to the law of areas also errone 
In this latter case we needed no sup-_ observations 
port from any observation whatsoever. duction 
Every moving body controlled by a cen 
tral force must comply with the law of tions of 
areas, no matter what the law of the perience 
foree may be. In other words, it is in- 
dependent of the nature of acceleration. 


But the law of gravitation is a specific 
7 , 
] 


aw. We can not derive it from the 

ort neric cones pt ot e ntral toree. 7 | ; 
are many other laws mathematically proportions wit 
possible. Here is, therefore, a point ture, that we 
where observation substantially affects f those forces 
our celestial mechanics. In order that 

we could find the law of foree, the 

of a body moving under the effect of 

‘oree must be given. And when it id pro] 

given, the law of force follows mathe- To say 
matically from it. It is, therefore, not force is 

a matter of mathematical necessity, but square of 
merely a matter of fact that the foree way of saying 
of gravity is inversely proportional to immediate neig 
the square of the distance. move with res} 

Therefore, the assumption of central sections. Wit 
force as applied to the observed paths of — servation there 
the celestial bodies is logically sufficient tive as to th 
to produce the law of gravitation. No them. Plan 
further hypothesis as to the nature of in elliptical 
the force is needed. The assumption of obey some ot] 
central force is the only hypothesis that denly discovered 
Newton makes. And with it stands or around the sun « 
falls his whole fabric. If we assume _ obliged to conch 
that planets are driven by forces gravitation i 
which is by no means self-evident, as acts with re 
they may move in similarly curved lines’ gravitational center, but 
owing to the nature of the time-space some unknown force whose 
if we assume that they are driven by varies as the cube of the distance 
forces in a Euclidian space, then the’ there again could be no alternativ 
form of their orbits mathematically de- modality of the law could not | 
termines the law of the force. preted as a hypothesis. 

Thus we see that the common inter- 
pretation of the law of gravitation as a 
hypothesis that ‘‘admirably fits the Yet it may be objected that Einstein’s 
facts’’ is logically incorrect. It does not law presents an alternative. The solu 
merely fit the facts of observation, but tion of Einstein’s equations of the gravi- 
it is nothing else than the mathematical ‘*Principia,’’ Book 1, Prop. 69, Sel 


EINSTEIN ’s LAW 
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tational field leads to the conclusion that 
in the neighborhood of a material par- 
ticle our space-time is non-Euclidian.* 
That shows that our physical space-time 
is not everywhere flat, but is curved 
within electromagnetic and gravitational 
fields. In such space particles will move 
in curved lines independently of any 
attractive forces. That is to say, the 
assumption of space-time curvature is 
sufficient to account for any material 
particle’s deviation from Euclidian 
straight line. Moving solely under the 
effect of inertia every material body in 
the neighborhood of another material 
body will follow a curved path. The 
curvature in this ease, however, will not 
exactly coincide with that which is pre- 
scribed by Newton’s law. The deviation 
will be extremely small, yet the more 
appreciable the nearer we come to the 
eenter. Such deviation was actually ob- 
served in the motion of Mercury, whose 
perihelion was found constantly dis- 
placed in a manner unaccountable on the 
basis of Newton’s law. 

Now, does it prove that Newton’s law 
of universal gravitation is no longer 
valid? But what does it epistemologi- 
cally mean, ‘‘no longer valid’’? If it 
means that conditions formerly assumed 
to be real are no longer observed to be 
real, then the law is not strictly valid, 
even though the discrepancy is very 
small. Yet we can always hope to ac- 
count for the disagreement considering 
a possibility of some disturbing factor of 
which we are at present unaware. The 
discrepancy in the case of Mercury is in 
fact so small and so unique that to de- 
clare the whole system invalid just on 
its account would be quite premature. 
If, on the other hand, ‘‘not valid’’ means 
mathematically or logically inconsistent, 
then, of course, Newton’s law is, and al- 
ways will be, just as secure as it ever was 
before. No amount of observational 
evidence or advanced mathematical an- 

4A. 8. Eddington, ‘‘Space, Time and Gravi- 
tation,’’ p. 97. 


alysis can destroy its validity in 
sense. For as long as we remain wit 
the sphere of Newton’s fundamenta] 
sumptions, 7.e., as long as we believe j 
force, his deductions are inviolabk 
And yet there is a sense in which N; 
ton’s law may be regarded as no longe; 
valid. Euclid’s assumptions are neit] 
more nor less reasonable than t! 
of Riemann or Lobachefsky. They ar 
purely mathematical postulates w! 
can be independently and arbitrarily 
pursued till their remotest consequ 
are reached. But Newton’s assump 
tions are not purely mathematical 
They involve a factor which determines 
acceleration, and is not itself identical] 
with acceleration. ‘‘If any force, 
Newton says, ‘‘generates a motion, 
double force will generate double the mo 
tion, a triple force triple the motion.’’ 
This is evidently an assumption that ea) 
never be verified by observation, fo 
force is inaccessible for observation ex- 
cept through the motion which is gen- 
erated or determined by it. If fore 
increased in geometrical progressior 
while the quantity of motion gained only 
arithmetically, no one would be able to 
discover it. The truth of the assumption, 
therefore, lies solely in our inability to 
verify it. Such force is a mere farce. 
It is a remnant of the animistic, theologi- 
eal thinking.® 


5A highly satirical caricature on the natur 
of this assumption we find in Eddington’ 
‘*Space, Time and Gravitation.’’ He present 
the situation in form of a fairy tale: ‘‘A ra 
of flat-fish once lived in an ocean in which 
there were only two dimensions. It was noticed 
that in general fishes swam in straight lin 
unless there was something obviously interfe: 
ing with their free courses. This seemed a ver) 
natural behavior. But there was a certain 
gion where all the fish seemed to be bewitched 
. . . By-and-by a theory was proposed; it v 
said that the fishes were attracted towards ¢ 
particularly large fish—a sun-fish—which was 
lying asleep in the middle of the region; and 
that was what caused the deviation of t! 
paths. The theory might not have sound 
particularly plausible at first. ... Some fish 
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HYPON 


Einstein, following Minkowski, instead 
of assuming a force as a factor generat- 
ing acceleration of gravity, proposed 

different 
material 


assume a geometry in 
neighborhood of 
this assumption gravitational accelera- 


from 


bodi ». 


indistinguishable 
A planet, for 
law than 
central 


tion becomes 
instance, 
that of 


acceleration 


mere inertia. 
obeying no 

inertia, acquires 
towards the sun, not because the latter 
attracts it in mysterious 
through the distance, but simply and 
solely because the nature of space-time 
makes it appear to be moving under the 
effect of an attractive directed 
towards the origin. Thus was destroyed 


other 


some way 


toree 


A HYPOTHETICAL ELEMENT 


proven to } 
] nt 


eiements 


writes 


the phe nomena, an 
general by ind 

cal elements tha 
lorce Was 
*“not leduced 


And it 


is now discarded. 


gravitation 
was 
nomena.’’ 
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ment that 


HYPON—A HYPOTHETICAL ELEMENT AND A 
POSSIBLE SOURCE OF STELLAR ENERGY 


By W. S. ANDREWS 


THE GENERAL ELE¢ 


THE source of the energy that is con- 
tinuously radiated into space chiefly in 
the form of heat and light by our sun 
and other stars is an unsettled problem 
although many ingenious theories have 
been devised to account for it. The evo- 
lution of temporary stars or ‘‘novas’’ is 
also still enshrouded in mystery. It was 
formerly believed that a nova was a 
cosmic conflagration caused by the col- 
lision of two heavenly bodies, but mod 
ern study has ascribed its appearance to 
the actual explosion of a star from 
within itself, like a gigantic bombshell. 
A few facts—and fancies—relating to 
these matters are here presented to the 
reader. 

It is well known that the atomic num- 
bers of six gases—helium 2, neon 10, 
grumbled that they did not see how there could 
be such an influence at a distance; but it was 
generally agreed that the influence was commu 
nicated through the ocean and might be better 
understood when more was known about the 
nature of water.’’ 


rRIC COS 


argon 18, krypton 36, xenon 54 and 
radon 86 
of the following 


2(1? + 2? + 2? + 37+ 374 47+ 4 
That Say : 


with the first six terms 


agret 


simple number series: 


1? 
17+ 2 
1? 


17+ 224 
124 ¢ 

num 
including the sixth 


remarkable agreement in 
and 


number series, 


This 
bers, up to 
term of the invites atten- 
tion to the seventh term, which is 118 
12 + 2? + 22 + 32 + 397 + 47 +4 118 


two 


i) 
There are, however, only ninety 


uranium 
QO9 


and 
number 


18 ean not 


known chemical elements 
being the heaviest is atomic 
It is, therefore, plain that 1] 
be counted as an atomic number unless, 
indeed, twenty-six new and hypothetical 
elements, all heavier than uranium, are 
arbitrarily added to the regular stand- 
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ard list. This idea may naturally be 
deemed too wild for serious considera- 
tion, but nevertheless it is proposed to 
offer some speculations on the subject. 
Since radio-activity was discovered at 
the end of the last century, it has been 
conceived that just as lead is known to 
be the end product of radium, so also 


may many of our other common and 


well-known elements be the end prod- 
ucts of certain very heavy radio-active 
substances which existed in the far-off 
ages of the distant past and which, al- 
though they have apparently disap- 
peared from our visible universe, may 
possibly have survived under conditions 
favorable for their preservation. It is 
also possible that these conditions may 
obtain in the interior regions of our sun 
and other stars. Having these clear 
possibilities in view let us return to the 
hypothetical element number 118, which 
is at least closely linked to a chain of 
six well-known gaseous elements by a 
clear-cut number series as previously 
shown. Let us name this element 
‘‘hypon’’ for future reference, and let 
us give it, if you please, ‘‘a place in the 
sun.’’ 

We have already seen that hypon is 
radio-active and on account of the great 
size and complexity of its atoms it is 
reasonably certain to possess this prop- 
erty in a superlative degree. Its super- 
activity, however, must be greatly re- 
duced by the tremendous gravitational 
pressure of its environment. It is 
highly probable, indeed, that the super- 
activity of hypon is so well regulated by 
this pressure that only sufficient energy 
is liberated to maintain the sun’s radia- 
tion of heat and light constant and uni- 
form through all the ages. There is 
evidence, however, of regular cyclic 
changes in solar radiation which must 
occur in obedience to certain natural 
laws and conditions with which we are 
not at present well acquainted. 

If it is allowed that the radio-activity 
of hypon is influenced by pressure, it 


follows that as the pressure decreases 
the activity will increase and at a « 
tain critical minimum point of pressu 
every atom in the mass of hypon w 
spontaneously disintegrate and then 
form into other atoms of lighter weieht 
and greater stability. These cha: 
will be accompanied by a certain loss 
original mass due to a partial demat 
rialization of the hypon atoms. Der 
terialization in this sense means 
during the disintegration of the pond 
able hypon atoms a part of each atom 
transformed into imponderable energ 
chiefly in the form of heat, this be 
a common feature in radio-active } 
nomena. When the disintegration 
intermittent and occurs in various in 
vidual atoms scattered through 
mass, as in a salt of radium, the p1 
duction of heat energy is insignificant 
and may serve to raise the temperatu 
of the mass only one or two degrees. | 
regard to the matter of hypon, howev 
the conditions and results are entire]; 
different, for here we note the insta 
disintegration of countless myriads 
heavy complex atoms involving a tr 
mendous outburst of heat energy in th: 
very midst of a crowd of light and sim 
ple atoms, thus providing all the r 
quirements for a powerful explosiv 
reaction. Briefly stated, hypon can not 
exist except under the stabilizing influ 
ence of great pressure, and if this pres 
sure falls below a certain critical mini- 
mum the hypon will instantly explode 
with intense violence. 

With this conception of hypon as our 
hypothesis we may evolve the following 
as a bit of cosmic history. ‘‘Once upon 
a time’’ there was a star which may 
have been as large as our sun or larger, 
but it was located so far away from our 
earth that nobody here had ever seen it 

This star contained a large amount of 
hypon, which was kept in a condition 
both safe and serviceable by gravita 
tional pressure, so everything was wel! 
with the star and age after age rolled 
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arrival of a fatal 
and tranquil 
brought to a sudden 


on serenely until the 


hour when its long ex- 


istence was and 
tragic end by a very strange catastrophe. 
A series of transient waves of tremen- 
dous energy surging through space took 
a path so near to our star that the latter 
was terribly shaken so that its internal 
pressure dropped momentarily below the 
The result 
was instantaneous and too appalling for 
adequate deseription, for the 
hypon detonated and the star, as such, 
ceased to exist. In its place there was 


eritical minimum of hypon. 


mass ol! 


a huge mass of intensely heated gas and 
chaotic 
to 
size of the former star by the 


commotion 
the 


foree of 


in furious 
already distended 


vapor 


many times 


| 
a 


its explosion and still expanding at such 


a prodigious rate that in a compara 


tively short time it had spread out into 


space in all directions for millions and 
millions of miles. The eruption of mat 
and the detonated 


hypon was vast beyond comprehension, 


ter energy from 
but it had its limits, for its expansion 
eould not go on indefinitely. In 
time, therefore, the motion 
became slower and slower, then ceased 
and the immense 
brightly shining sphere floated station 
ary and unchanging in the ether for a 
considerable period. At length, 
ever, the force of gravitation within and 
the piercing cold of space without com 


due 
outward 


transcendently and 


how- 
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SCIENTIFIC EXPLORATION 
A PHANTASY 


By Professor G. F. FERRIS 


STANFORD UNIVERSITY 


BEHIND a pair of plodding burros that 
bore his equipment and his meager per- 
sonal belongings the scientific explorer 
tramped along through the heat of a 
tropical afternoon. Beneath his helmet 
the sweat coursed in furrows through 


dust on a 

pale under 

and the bronze of the 
that had burned 


sun 


within him 


and against which the few simple rem 
dies that he 


had been able to carry with 
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him were of no avail, had sapped his 
strength, but he held doggedly on. The 
coast and a port were but a few days 
away. 

The afternoon wore on and still the 
narrow trail through the crowding jun- 
gle revealed no evidence of a human 
habitation. The sun set and the fleet- 
ing tropical dusk was almost gone when 
a distant cock-crow gave evidence of the 
presence of aranch. It was dark when 
the traveler came finally to the little 
group of thatch huts at the side of a 
stream and sent his native buy in to 
arrange for a bit of supper. Wearily 
the two stripped the packs from the ani- 
mals and the boy threw before them such 
scanty fodder as he had been able to 
buy. 

There came a call from one of the 
huts that their supper was ready, and 
the two went up. About a few gourd 
dishes on the dirt floor, illuminated only 
by a flaring torch, squatted the head of 
the household and his numerous brood, 
all dipping with their fingers into a 
common dish. The traveler received the 
courtesy of a crude stool upon which to 
sit and ancther that served for a table. 
Befcre him, in gourd dishes, were 
placed the coarse tortillas and the 
beans that constituted the customary 
and indeed almost the only food of the 
country. 

It was poor food, the tortillas coarse 
and unappetizing, the beans tasting as if 
they were moldy, but the traveler had 
become inured to such things and above 
all he had learned to give no thought to 
the methods by which such food was 
prepared. With it disposed of there re- 
mained nothing to do but to go to bed, 
even if his illness and weariness had not 
of themselves demanded such action, for 
the slender literary resources of his pack 
were long since exhausted, as were the 
even more slender conversational possi- 
bilities of his native boy. With the 
people in the huts he could not converse, 


for their barbaric version of Spanish a: 
his own slight knowledge of the elassica 
form had but little in common. 

He stretched his hammock between 
two trees and turned in. The mult 
farious sounds of the night—the bark 
ing of dogs, the squealing of pigs, th 
ghastly braying of the burros, the b 
lowing of bulls, the bawling of ealve 
the erying of babies, the sound of end 
less conversation from the huts—beat 
upon an ear rendered sensitive by 
ness. In spite of his weariness hours 
passed before he fell into a dream. 
troubled travesty of sleep. 

About him the air hummed with mos 
quitoes. 


Above the tropical forest sounded th 
distant drone of an aeroplane motor and 
the sinking sun flashed upon the plane’s 
wings as it spiraled down to an exten 
sive clearing among the trees upon thi 
shore of a mighty river. The plan 
came to rest a short distance from a 
group of neat houses that filled one end 
of the clearing and as the occupants of 
the houses emerged the pilot climbed 
down and turned to assist a woman 
alight. 

From the approaching group of men 
and women, attired much after th 
fashion of the front porch loungers of 
a country club and one or two of whom 
carried tennis rackets, a man detached 
himself and stepped forward to greet th: 


woman. ‘‘Welcome, Mrs. Catherton,”’ 


said he, ‘‘to the base camp of the Ulti- 
mate Amazon Expedition. I am th 
director, Dr. Osmand. You will find it 
a bit rough here, but still I hope you will 


not consider your stay with us entirely 
unpleasant. Let me introduce some of 


my assistants.’’ The group that had 


remained at a respectful distance came 


forward. ‘‘Mrs. Catherton, my first as 
sistant, Mr. Hampstead—the chief 0! 
our radio service, Mr. Ashton—th¢ 
chief of the bureau of public contact, 
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SCIENTIFIC EXPLORATION 


Miss Al- 
derby—the chief of the photographic 
bureau, Mr. Wilson—our clerk, 
Miss Peters—the chief of transportation, 
Mr. Anderson.’’ 

He motioned to a white-clad 
servant, who had already gathered up 
the newcomer’s bags as they were un- 
loaded from the plane. ‘‘ Anastasio will 
you to your We dine at 


Mr. Smith—our chief artist, 


ehiet 


native 


show room. 
seven. ”’ 

About the tables of the mess hall, set 
with snowy napery and gleaming glass, 
there were grouped at least thirty of the 
more important members of the expedi- 
tionary staff, including those whom Mrs. 
Catherton met and a number of 
other clerks, stenographers and under- 
lings of various sorts. Dr. Osmand en- 
tered with Mrs. Catherton and motioned 
to them to be seated. ‘‘It had been my 
thought,’’ he said, evidently continuing 
a conversation, ‘‘that we should follow 
the very admirable custom said to have 
been set by English gentlemen isolated 
in wild parts of the world and always 
dine in evening dress. One should never 
let himself go simply because he is sep- 
arated from his fellows, and so I 
always insisted that the members of my 
staff should never forget the respect due 
to themselves as well their 
leagues. But it is so very hot here that 
I trust you will pardon us for dressing 
in white instead of the conventional 
black.’ 

‘“*It is a very great honor to have you 
with us, Mrs. Catherton,’’ the 
chief of the bureau of publie contact, 
who was seated on her left. ‘‘I think 
every one here has read your books. For 
myself, I have especially enjoyed your 
“Vengeance of the Tropics.’ It is per- 
fectly amazing that one who has never 
been in the tropics can so well describe 
them and so well understand their in- 
fluence upon the soul of the white man. 
With the—er—ah—slight increase in 
knowledge of local color that you will 


had 


have 


as to col- 


said 


e 
ing 
wil 
has asked me 
information 
are placed at 
diseuss 1 
As th 
addressed 
radio 


this is short n 


program at 
Tf ice 
sure will 


rise to 


you 


say a few words about you! 
sions of our expedition. W! 
shall 


the movies that we 
Within the ra 


over wi have a pre-view 


have peen 


idio broadeas 


the announcer 


stood before tl 
Ultimate 
out by the 
Earth, lei 


broadcasting 
the heart of th 


phone. ‘‘This is the 
Expedition, sent 
Museum on 

station in 
The 


erton, known to all of you, is 


our 

forest famous novelist, 

ing with us and she will speak to 
The woman took her place before 

microphone 

You wil 

be pleased to know that the S] 

the Ultimate 

generously 


lie. 


Amazon Expedition 


pe rmitted me to join 


expedition in order that I may 


even deeper understanding and a 


tion of the tro 


pies and thi 


oe eehne og 
possibilities of 


ne expedit 
There |] 


+ 


tions in the ] 


overlooked have 


scientific expedi 


have literally thrown away the grea 


products of their work. True they 
brought back scientifie specime 
stored away and forgotten 

and data to be entombed wit] 
tifie 
sut they have entirely overlo 
human interest of their work 
have entirely 
bilities. The 


ignored its literary 
world, which really 


have read my books w 


‘*My dear friends and pub 


the 


l 


volumes that few will ever read. 
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ports these expeditions, has a right to 
receive in return something more than 
dry-as-dust geographical data or descrip- 
tions of new kinds of plants and ani- 
mals. This the sponsors of this expedi- 
tion thoroughly realize and so I have 


been asked to join their party in order 


that these literary possibilities may be 
fully utilized. It is with some trepida- 
tion that I decided to accept their invi- 
tation and to join in facing the 
discomforts and dangers of life in this 
great wilderness. But then one must be 
prepared to make some sacrifice 


> 


The weary traveler moaned and turned 
over restlessly in his hammock. 


The broadcasting went on. The chief 
of the medical division was speaking. 
‘‘The dangers of disease have been 
largely overcome. Our food is shipped 
to us directly, even including milk and 
butter, by fast planes that are equipped 
with refrigeration systems. These planes 
are a part of the efficient system of the 
Tropic Airways Company. Should you 
decide to spend your vacation in South 
America you will find no better medium 
of travel. 

‘*When it has arrived here at our base 
eamp the food is kept in perfect condi- 
tion indefinitely by the wonderful re- 
frigeration system installed for us by 
the Polar-air Company, and we send it 
out as needed to the outlying camps by 
hydroplane or by fast motor-boats that 
are able to traverse the smaller streams. 
These little boats are powered by Speedo 
motors, which are fed by Energo syn- 
thetic fuel and have never yet failed us 
in time of need. Our portable base 
eamp buildings are built of Impervo 
fiber and are sereened from the mos- 
quitoes and other insects by that good 
copper screen made by the Nofly Screen 
Company 7 

The traveler stirred again, brushing 
from his face the mosquitoes that had 
settled upon it. 


Dr. Osmand sat in conference with th, 
chief of his bureau of public relations, 
**See to it that she gets all the stuff s] 
needs. In addition to her book sh 
going to write a number of short storik 
so dig up some good incidents for |] 
You might get the Indians to put on 
dance for her this evening. The museum 
has been raising the devil because ou 
publicity stuff has lost its pep and th 
money for the continuation of the exp: 
dition isn’t coming in as it should. Run 
some stronger references to our benefa 
tors into the radio talks. They are pa: 
ing wel] for their publicity and the 
claim they are entitled to lots of 
Maybe it is a bit crude, but you'll 
to chance that. Give the Speedo ps 
some sort of a story about how on 
their gallant little engines brought 
sick man down the river in time to say 
his life. Lay it on good and strong 
Also see that a news story goes out about 
those three girl scouts that are coming 
down to join us. One more thing. 
Work up a good talk about the Henly 
Health Food stuff for to-morrow night 
Better eat a little of the stuff yourself 
and see what it’s actually like. That’s 
all.’’ 

He pushed a button and a stenog 
rapher appeared, notebook in hand 
‘‘Letter to Stanley. Tell him I am 
definitely leaving for home the first o! 
next month and have him arrange a 
series of speaking dates. Tell him to see 
to the publicity a little better than h 
did last time. We have sent the home 
office some new material that ought to go 
over big.’’ 

A clerk entered and spoke a nam¢ 
‘*Send him in.’’ A bespectacled indi- 
vidual in worn clothing entered. ‘‘See 
here, Miller, you fellows of the scientific 
staff aren’t producing the stuff. How 
the devil is the publicity staff to work 
if you don’t furnish them with material? 
You haven’t turned in a thing for the 
last month that they can use at all.’’ 
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SCIENTIFIC EXPLORATION 

The man flushed. ‘‘But, sir, we have 
been accumulating an enormous amount 
of scientific material...’’ ‘‘Bah! 
Your scientific material is well enough 
in its place, but how do you suppose this 
expedition is to be kept going on scien- 
tific material alone? It’s publicity that 
counts in these days and if we don’t get 
it we don’t get the money to keep us 
going and if we don’t keep going there 
won’t be any chance to collect scientific 
material. We need some startling dis- 
eoveries and if you can’t make any, 
think some up. I don’t give a damn for 
your scientific scruples. As a matter of 
fact, if it weren’t that we need a scien- 
tific staff along to keep up appearances 
we wouldn’t bother with you very long 
anyway. You haven’t contributed any- 
thing to the movies that we are making. 
You can’t write anything that’s worth 
reading. You'll have to do something 
to earn your keep.’’ 

The man straightened up. ‘‘When I 
joined the staff of this expedition I was 
not aware that it would turn into a 
three-ring circus, an advertising scheme 


} 


and a journalistic venture. My col- P#OFers, ene 
leagues and I have already determined ‘*OP!¢ Jung! 
to leave to-morrow.’’ The director burst 
out angrily, ‘‘There won’t be any space 


in the planes for you. We neveragreed ‘from it 


irom tever 


fearlessly 


rious life 


to take you out any time you want to 


vO. ald a 

The scientist smiled. ‘‘Men before us 
have traveled on foot and by canoe and 
every other way. The introduction of 
the white collar, the society element, the 
automobile, the private yacht and the 
aeroplane into scientific exploration is 
really a very recent thing. What men 
onee did we ean still do. My colleagues 
and I have already arranged for canoes. 
You may go to the devil.’”’ 


Had any one been watching at the bed- 
side of the sick man he might have been 





THAT SCIENTIFIC HOLIDAY 


By Professor A. W. MEYER 


DEPARTMENT OF ANATOMY, STANFORD UNIVERSITY 


He who proposes a holiday does not 
take a very large chance on popular 
acclaim. A day off always is an inviting 
prospect. The carefree, the irrespon- 
sible, the weary, all can forego, or try to 
at least, not only all thought of the 
future, but all thought of the present. 
A joyful or delirious present always 
helps to efface unpleasant memories, and 
many of us still like to have a day when 
and a place where we may say: ‘‘ Hier 
bin ich Mensch. Hier darf ich’s sein.’’ 

Unless they who suggest a scientific 
holiday consult those without whose 
sanction and cooperation it can not be 
had, the suggestion will remain an idle 
one. For, contrary to the ways of the 
erowd, scientists are wont to hang 
‘*Don’t disturb’’ signs on the doors of 
their sanctuaries on holidays and lock 
themselves in, so that they may yield 
themselves more completely to the lure 
of the unknown, or, as some people 
would have it, to the forces of darkness. 
So a holiday for science without the co- 
operation of men of science could only 
be a Volsteadian holiday and would 
bring us bootleg science as well as boot- 
leg whiskey. Surely, not even the emi- 
nent divine, who, among others, sug- 
gested such a holiday to men of science, 
could be thrilled by such a prospect; 
and it is well to remember that it is not 
long since the world knew bootleg sci- 
ence, or at least so regarded much of it. 

Although it may be true that we learn 
nothing from history, in spite of the fact 
that she can teach us so much and so 
well, I venture to think that it would be 
possible to revive the old story of boot- 
leg science in a telling way. Galilei and 
Servetus might tell their story so that 
people would listen and, listening, would 


heed the lesson. The rigors of th 
dungeon and the smell of human flesh, 
even when burned slowly at the stake 
on a bright Sunday morning, may not 
have lingered long in human memor 
but in these modern days it might b 
possible to reawaken that memory wit! 
telling effect, for science touches o1 
daily lives in so many ways. Even tl 
untutored could realize what interfer 
ing with its growth and living without 
its commonest fruits might mean. 

An untidy or uncomfortable man se] 
dom is happy, and a sufferer still moré 
rarely so. Even common folk know 
that soap, hot water, towels, clothes and 
shelter are indispensable and have much 
to do with their happiness. Add to this 
clean and sanitary food, comfortabl 
sleep, a wealth of printed matter and 
access to music and art, ready transpor- 
tation and communication, skilful help 
and care and surcease from pain in 
times of physical distress, and you have 
some of the commoner blessings of sci- 
ence which bave added immeasurably to 
the happiness of civilized men. With. 
out any of the fruits of science our 
happiness could be only as that of brute 
creation, which may seem happy merely 
because it is dumb, and also without 
imagination or compassion or remorse. 

They who suggest a holiday for sci 
ence probably forget that it once had a 
long holiday during dark ages in which 
life was harsh and hard, and when th. 
human race bore the grievous burdens of 
plague and pestilence, as well as the dire 
handicaps of filth, starvation and lack of 
shelter. In those ‘‘good old days’’ 
primitive man shared not only the lot of 
wild creatures, but in a measure and in 
some respects also the more forbidding 
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THAT SCIENTIFIC HOLIDAY 


The millennia 
in which man was indifferent to his sur 


lot of those of the stall. 


roundings constitute a scientific holiday 
in fact. Those were the days when man 
felt no inspiration, dreamt no dreams 
and saw no visions. Later, when he was 
stirred into action and became curious 
about his surroundings, the birth of sci- 
ence had Although the entire 
period of modern science is but as a 


come. 


moment in the long span of man’s ex 
istence on earth, if those who desire a 
scientific holiday would have to live a 
life unrelieved by the fruits of science 
and by the joy of an inquiring mind, a 
scientific holiday would lose all its 
charm. 

Sut this really is not what the spon- 
sors for a scientific holiday want. They 
merely want to dispense with the future 
fruits of science. They mean to keep 
all that which the tree of 
borne in the past, but bid it cease blos- 
They do not want 


science has 
soming for a time. 
the humanitarian service of 
stop. They do not wish the hand of the 
nurse and the doctor to be stayed in 
their ministrations to the sick and the 
maimed or have the activities of the 
sanitarian in behalf of public health dis- 
continued. They merely wish to live on 
the past. This may sound 
enough, but is it really so? 
Suppose, for example, that the pres- 


science to 


reasonable 


ent moment were that of the discovery 
of anesthesia. Then, what these people 
really suggest is that the severest suffer- 
ing should continue unrelieved, that legs 
should be sawed off and abdomens 
opened without the relief that uncon- 
sciousness only can bring. They would 
have the sufferer who needs relief by an 
operation again be held down by force 
like the worm or the fish on the hook or 
the cockerel on the barrel. These people 
would ask that typhoid, diphtheria, 
smallpox and the plague shall be per 
mitted to go their way as unhindered as 
they once did and that every house of 


tender mere 
needless palin 
entifie ho 
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eall it. 


Dass by t he 


which the victim would have 
there were no hospitals and 
no drugs to deaden feeling a 


— ; 4 
infeetion But suppose everv doctor 


office contained the 


g the effect 
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l 
the burning of 


dreaded eat 


forestall thi 
later complications and perhaps death. 


Were this 


perhaps far distant from the 


possible, wile an children 


tragedy, c be saved the 


suspense of many uncertain d; 


could often be apprised almost at once 


that all 
there any man so stupid or so cruel as 


in the end Is 


would be well 


the hand of him who 
Could 


holiday for science go 


to want to stay 


might bring us this relief? hose 
who suggest a 
through the nerve-wracking experience 
of witnessing such pitiable spectacles as 


those which often follow severe burns or 
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sealds or be so unfortunate as to furnish 
such a spectacle themselves, they would 
be the first to further the progress of sci- 
ence instead of wanting to halt it even 
for a moment, for surely some moment 
will tell the secret of cancer and of 
leprosy. 

It is only the investigator in pure sci- 
ence who can determine what the toxines 
are that produce the dreaded effects of 
burns, who ean learn how they act and 
how they may be neutralized; and until 
these things are known, doctors and 
nurses, be they ever so faithful and com- 
petent, will remain helpless to relieve 
the greatest sufferer. Surely no man of 
God will want to be responsible for delay 
in this matter. <A brief holiday could be 
of no avail to any one, and a long one 
would break all continuity with the past. 
It is possible to bid the tree of science 
cease growing, but no man can cause it 
to blossom again forthwith. Dead trees 
ean not be revived; and, like all other 
trees, the tree of science does not pros- 
per without care. Be he ever so humble, 
the man of science can not be made to 
arise by a wave of the magician’s wand. 
He too is born, and dependent on the 
past. Not even a genius could do much 
if compelled to start anew. 

He who created all things must also 
have created the scientist, and a scien- 
tific holiday implies that scientists must, 
of necessity, become misfits or idlers. 
Scientists did not create their own predi- 
lections. These were born with them 
quite as much as the predilections of any 
other group, and they can not success- 
fully cultivate a taste for things for 
which they are not fitted. The curiosity 
which they evince concerning their sur- 
roundings is inborn, not acquired. 

Men do not create, but develop, their 
capacities, and if science is not a part of 
the eternal scheme of things, then it 
must lie within the power of the grop- 
ing, puny mind of man to circumvent 
the Maker of all things. Surely not 


even the most confident or arrogant m: 
of science would claim this. And it 
one can, or tries to, outwit nature or t 
Creator, then why all this alarm, for t 
man of science, too, is a worker in 
vineyard of the Lord, misundersta: 
and misuse him in war or peace thoue 
we may. 

The idea that science shall mark ti 
so that somebody else may catch up 
indeed, a novel one. It implies t! 
others can not or will not quicken thé 
pace. Science must move on. It is n 


a mere sapper, but lays foundations 


without which progress is impossible 
modern life. All uneivilized peopl 
have had abundant time to achie 
greater happiness than the civilized, |} 
this been possible without science, and 
there be those who perchance hold that 
aborigines have indeed done so, let ther 
volunteer to share their bestial life. 

It also is well to remember that the si 
ealled onward march of civilizati 
never has presented a straight front. It 
always has had its seouts and its strag 
glers, as well as its main line, and 
probably always will have them, with 
long stretch from front to rear. Bot 


ends may be happy, but only becaus: 


rear is unaware of, or else because it e1 
joys the protection of the advanc 
guard. 


Until progress in science ceases alto- 
gether, readjustments in our views re- 


garding the world of nature are il 
evitable. If we do not make these in 
evitable readjustments ourselves, we W 
merely be passing the burden on 
others and our children will of necessity 
have to mak2 them instead. Howeve: 
justifiable it may be to visit pecuniar: 
burdens upon future generations, w 
surely should not visit intellectual bu 
dens upon them in addition. 

The suggestion for a scientific holida: 
seems but a jest, and, when made in 
earnest, can not be the fruit of eithe: 
the humanities or of religion, but must 
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arise from the fears of men who have 
lost their way, as others did before them 
A life in conformity with the laws of 
need give 
living in conformity with th 
nature, which also must be the 
God. If there be a conflict be- 
laws of and those of 


the spirit, it must have been so ordained 


science no one trouble, for it 
implies 
laws of 
laws of 
tween the matter 
and it ean not be in the power of an) 
man to avoid that conflict. 


no such conflict exi 


other hand, ' l 
he who obeys the laws of nature nee 


To live 


in conformity with natural laws may not 


not violate those of the spirit. 


of itself bring happiness, but it surely 
will avoid much unhappiness. 

Science can not solve the riddle of the 
universe, but neither has anything else 
All have blind 
alleys and an ipse dirit just 
that, no matter whether it comes from 
the lips of the man of science or from 
those of the man of God, and can bring 
happiness only to those who are pleased 
to accept it with unquestioning faith. 

In the wide span of human history it 
that the use of 
spoons 


done so. roads been 


remains 


was but 
knives and 


as yesterday 


forks and was de- 
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ON THE DIFFICULTY OF CONVEYING 
IDEAS 


By Dr. BEVERLY L. CLARKE 


MEMBER OF TECHNICAL STAFF, BELL TELEPHONE LABORATORIES, 


ExcHaNnce of thought through the 
medium of words is hedged about by 
difficulties which stamp informal con- 
versation definitely as an art and not a 
science. In other words, the idea in the 
mind of the speaker is transmitted, 
through language, not pure and un- 
tainted and ‘‘under seal,’’ as we should 
wish, but tinged and twisted and dis- 
figured. This is partly owing to the 
inherent imperfections of language and 
of our conventional method of translat- 


into words, and partly to 


nds of 
latter 


ing thought 
personal idiosyncrasies of the m 
These 


the speaker to 


both speaker and listener. 


operate to cause 


say 
something different from what he is 
thinking, 
in his mind 
that implied in those inaccurate 

There is a remarkably pertinent 
analogy in the radio. A band plays in 
New York, and the sound enter 
the microphone and are translated into 


and the listener to construct 
an idea different even from 


words. 


waves 





546 THE SCIENTIFIC MONTHLY 


electricity. The method of translation 
is not pertect, and the electrical waves 
are not exact replicas of the sound 
waves. The electrical impulses are fur- 
ther changed and sent out into space as 
‘‘ether’’ waves. Between the broadcast- 
ing station in New York and the receiver 
in Chicago the ‘‘ether’’ wave is sub- 
jected to countless forces which further 
distort it and render it less a ‘‘literal 
translation’’ from sound into electricity. 
In the receiver the poor wave is further 
mauled by mechanical and electrical im- 
perfections, is retranslated into sound 
and finally arrives bearing but little real 
resemblance to the band music in New 
York, and accompanied by a host of 
squeaks and squeals and buzzes and 
wails that it picked up on its way or in 
the receiver itself. 

So it is with the broadcasting of 
thought. The transmitter and the re- 
ceiver are both imperfect, and insist on 
making contributions and paraphrasings 
of their own. The medium—language 
abounds with static and cross-currents, 
and ‘‘fading’’ is not altogether un- 
known. 

Perhaps the chief difficulty lies in our 
method of attempting to frame ideas 
into words. Language is inherently in- 
adequate for the full expression of the 
simplest idea. Language is man-made, 
and ideas are sublime; they are possibly 
the very atoms of consciousness, of life ; 
they are essentially transcendental and 
intangible. 

If we attempt to elaborate on the con- 
cept ‘‘idea,’’ to delve deeply into its 
form and essence, and so to characterize 
it by a statement of its peculiar qualities 
and attributes that its utterance by a 
speaker will convey exactly the same im- 
pression to every listening mind, then 
we become immediately conscious of the 
limitations of language. ‘‘Idea,’’ as 
used in the present essay, is to be loosely 
identified with the more current word 
‘*thought,’’ in the sense of the ‘‘quan- 
tum’’ of thinking; and the thought is the 


thing-in-itself, the reality, the actua! 
noumenon which results from the act 
ity of mind. The thought, or the id 
is thus suggested as a mere synonym { 
mind-in-action ; static, inactive mind. 
unknown to us and inconceivable by us 
and is the utterly unattainable thing 
itself of which the idea is the phenom 
non or manifestation in the next lowe: 
sphere. Similarly, the attempted expres 
sion of a thought in language is an 
perfect manifestation, in a still lower 
sphere, of the idea. 

Thus verbal expression is twice r 
moved from the absolute truth, and 
grossly distorted in each of the two sté ps 
It is as if we were translating a Germa1 
passage, first into French, which corre 
sponds to passing from absolute truth or 
static mind to the result of mind-in 
action or the idea, and then from th: 
French version into English, whic 
parallels our attempts to formulate ideas 
into words. The translations lose som: 
thing at each step, and the final Englis! 
version may easily be unrecognizable t 
the German author. Is it not possibl 
that a correspondingly important loss is 
suffered in passing by this tortuous rout: 
from the absolute truth to expression in 
language? 

In any consideration of the transmis- 
sion of ideas from person to person 
through language, it is manifestly neces 
sary to make the empirical assumption 
that the word ‘‘idea’’ means the same 
thing to every mind. Any conclusions 
we may reach will have meaning and 
significance only in so far as this as 
sumption is warranted. Fortunately, 
and rather paradoxically, the concept 
‘‘idea’’ seems, in spite of its extrem« 
abstractness, to possess in extraordinary 
degree this quality of universality of 
significance. 

If we grant to ‘‘idea’’ this universality 
of significance, then we avoid the first 
stumbling-block which the difficulty of 
conveying ideas redundantly places in 
the way of any consideration of this diffi- 
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eulty as an abstraction. Even though 
we might not be entirely justified in this 
simplifying assumption, we should have 
to make it anyway; otherwise there 
would be no place to begin. 

Because of some peculiarity in the way 
our minds are made, we are compelled to 
make our thoughts articulate either by 
stating an abstract generalization or by 
Without 
endless circumlocution there is no middle 


Neither one of these is entirely 


quoting a specific example. 


ground. 
satisfactory and neither one is exactly 
what we want 


to say. If, in extempo- 


raneous conversation, we 
thought of the moment by some broad, 
sweeping, all-inclusive 
such as, ‘‘My life 
then we say 


express our 


generalization, 
is a pretty gloomy 
a great deal more 

Still, if we trace 
the origin of that thought and put that 
little stimulus into words, it may turn 


affair,’’ 
than we intend to say. 


out to be, ‘‘I have a pain in my stomach 
from that lobster, which makes me very 
uncomfortable.’’ To say so baldly would, 
however, fall far short of the mark of 
accurately rendering what is in our 
mind; because the stomach ache which 
possesses our attention for the moment 
has acted as a nucleus around which has 
gathered a number of other 
minor matters of similar character 
drawn from memory, the result being a 


sizable heterogeneous mass which, for the 


equally 


moment, appears homogeneous and im- 
portant. 

In this day, when brevity and succinct- 
ness of expression are at a premium and 
catch-phrases and slogans are applauded 
as linguistic achievements, any tendency 
towards circumlocution is frowned upon, 
and the writer or speaker who attempts, 
by qualifying phrases and logical em- 
bellishments, to make his words render 
his thoughts more truly is damned as a 
pedantie bore, bombastic and heavy. 

So it appears that there is indeed no 
possible middle ground. Also, it appears 
to each of us, on introspection, that the 
mind, in its operation of fabricating 
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diced in its judgments and analyses. The 
bias is derived from the past experience 
and is moulded by the present mood of 
the mind itself. The mind which at- 
tempts to translate words heard into an 
idea must perforce do it in the same way 
as it would have performed the reverse 
act of changing its own idea into words. 
The indications are that no one mind is 
exactly like another in the method it 
uses for this purpose, because, as stated, 
its own peculiar method is determined 
by its past history and present state. 
Thus, on hearing the statement, ‘‘ My life 
is a pretty gloomy affair,’’ the listener, 
if by chance he had a digestive system 
which rose above mollusks and bivalves, 
would not in a thousand years deduce 
from the evidence at hand that this 
devastating affirmation had such an 
origin. He might, on the other hand, 
have learned of a fall in certain railroad 
stocks in which he knew his interlocutor 
to be interested, and the probabilities are 
that he would attribute his pessimistic 
statement to this—and be altogether 
wrong. 

Words are to ideas what weight is to 
matter: their effect is to impede the 
movement, distort the form and thor- 
oughly to cloak the essential lightness 
and ethereality that properly belong to 
ideas. But their offense is ranker even 
than this. We have been discussing the 
shortcomings of the verbal expression, 
that is, of the group of words, in ex- 
pressing an idea. But it is manifest that 
the individual words constitute the root 
of the trouble. Consider what a simple 
substantive, such as ‘‘dog,’’ means to 
various minds. To me, when I forcibly 
close my mind to the several specific dogs 
with which I have been familiar, and 
try to visualize the general abstraction 
**dog,’’ there arises a picture of a hybrid 
beast with long, flabby, white ears, the 
kind, trusting physiognomy of a collie, 
an emaciated body, creamy-white mottled 
with black spots, a most incongruous 
abbreviated tail, and dark-colored 


spindly legs. Evidently this bizar 
creation is a composite of a number 
dogs whose external characters | 
stuck in my memory. Try as hard 
will, I can not devise a picture of ‘‘d 
which satisfies my desire for the uniy 
sal abstraction divorced from ind 
uals. You, the reader, will doubt 
find in your mind a picture of ‘‘d 
considerably different from mine, 
the simple reason that you and | 


moved in different dog societies. <A] 
which admirably illustrates the | 


that any word will mean something 
ferent to every one who hears it. W 
some words the discrepancy is gr 
with others small; but discrepancy 
always is. If such common and un 
sally familiar words like ‘‘ dog,’’ ‘‘m 
‘*boat,’’ ete., suffer from lack of stal 
to such an extent, how can we have f 
at all in abstract words like ‘‘lov: 
**good’’ and ‘‘right’’? Plato wroté 
**Republic,’’ a lengthy work, in an 
tempt to establish a definite meaning f 
one little word—‘‘ justice.’’ 

Thus we must conclude that when 
person pronounces a single word in 
attempt to convey an idea to anoth 
he has little assurance that the ima 
aroused in the other’s mind will bear 
much resemblance to that in his ow: 
The mental image which a word brings 
up is moulded and fashioned by the past 
experience of the individual. Each time 
a dog is seen a contribution is made to 
the individual’s concept ‘‘dog’’; and 
each time a dog is thought of in relation 
to other ideas, emotions or events th 
concept is further amplified or altered 
or, it may be, drastically redesigned 
Thus a man who was bitten by a mad 
dog would inevitably allow this part 
lar dog a large share in the development 
of the abstract concept. 

If there exists this much uncertaints 
about single words, the frightful risks 
we take when we string several words 
together may readily be imagined. For 
here we introduce the added danger of 
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CONVEYING 


the attempted fusion of several abstract 
concepts to make a single concept less 
abstract and more particular. For this 
reason, the total ambiguity of the verbal 
expression is more than the sum of the 
ambiguities of its component words, by 
which be- 
cause it with transcendental 
matter of relation. 
that, with this formidable misfit of lan- 
guage with ideas, one human being is 
able to hold any sort of mutually intel 
What 
is lacking in this field is similar to what 
Einstein found to be the 
physical universe: a universal frame of 
rigid and 
point to point in the universe 
individual mind to 
the sphere under discussion. 


defies 
the 
It is truly marvelous 


an amount estimation 


deals 


ligible intercourse with another. 
lacking in 


reference, unchanging from 
or trom 
individual mind in 

Besides the use of words simply as 
practical symbols for ideas, there are of 
course other methods of conveying from 
one mind to another the results of mind- 
in-action. If we designate the method 
which we have been discussing as the 
literal method, we may group all others 
under the esthetic or symbolic method. 
In the literal method words are simply 
convenient and practical shorthand char- 
acters for definite ideas. The important 
distinction is that in the literal method, 
for every possible idea there is a word 
or a word-group which stands for this 
idea and for no other. This would be 
possible theoretically if it were true that 
words 


“an unambiguously express an 


idea, because one conceive of an 
infinite variety of words 
binations to fit the infinite number of 
ideas; but it does not work in practice 
have and 
ideas are essentially incommensurable. 
The literal use of words in straight prose 
and the use of pictures as aids in lan- 
guage instruction, such as the picture of 
some animal with its written name at- 
tached, are examples. 

At the opposite pole lies the esthetic 
method. Here the analysis of purpose 
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while poetry makes use of the esthetic 
method; but most poetry contains con- 
siderable prose and most prose consider- 
able poetry. There are extremes, as, on 
the one hand, verbal statements of 
mathematical laws, where a serious at- 
tempt is made completely to eliminate 
ambiguity, and, on the other, certain 
sacred writings of the Orientals, with 
whom obscurity seems a virtue and an 
index of profundity. But there are all 
possible gradations between the extremes, 
and the two methods of conveying ideas 
nearly always overlap. 

But it is perfectly evident that the 
artistic symbol is ill adapted to the 
definite, unambiguous conveyance of an 
idea. The user of the esthetic method 
does not imagine that his exact mental 
content will pass over, through the 
medium of his art, to another mind; he 
knows well enough that it will not. The 
idea-complex which the sight or the hear- 
ing of his artistic product will induce in 
another mind depends almost entirely 
upon the past history of that mind, upon 
its peculiarities, its ancestral heritages, 
its momentary caprices, in a word upon 
the personality of the owner of the mind. 

How then can a sane man devote him- 
self to the expression of his ideas by a 
method which gives no promise of accu- 
rately conveying them to other minds? 
Are we to conclude that the employment 
of an artistic medium of expression is a 
vain and futile occupation? We are 
indeed so bound, if we make no distine- 
tion between the motives which prompt 
the user of the literal method and those 
which are at the root of artistic en- 
deavor. But we are intuitively averse to 
placing Michael Angelo, who was a Sym- 
bolist, at a lower level in the seale of 
mind than the Italian fruit peddler, who 
is a Literalist. So we east about for 
some illuminating difference in motive. 

This difference in motive is soon ap- 
parent. The artistic urge comes from a 
subconscious conviction that the diffieul- 


ties of conveying ideas are insurmou 
able. It is a recognition by the art 
that his idea-complex can not be 
quately and completely transmitted 
another mind. Released, by this con, 
tion of the futility of the literal meth: 
from the cramping chains of prose ver 
expression, he turns joyfully to the m 
fluid media of art, and there moulds 
paints or composes a symbol whic} 
strives to make a perfect physical corr 
late of his idea. By the same action 
obligations to the other minds that 
the world are dissolved, and he bala 


himself upon the cold pinnacle of i 


lated individualism; for when he | 


comes an artist his purpose ceases ti 
the conveyance of ideas, and comes 
be simply their expression; his artist 
urge is satisfied completely by havi: 
earved out of the formless medium a } 
fect, literal symbol of his ideas; he has 
not the slightest concern with what id 
his product arouses in other minds. 

If we granted the validity of this 
terpretation of the impulse to art 
creation, we are in a position to ma 
some generalizations about the charact 
of the true artist, the flattering nat 
of which would have a tendency to 
duce in our artist an excessive vanit) 
were he not a true artist and hence im 
mune to flattery and utterly indifferent 
to what we may say or write about him 
If our explanation of his motive is cor 
rect, the artist must be placed, by all 
real standards, above those of us wi! 
are not irresistibly impelled to creat 
for this impulse is the direct result of 
the existence in the mind or soul of ide: 
complexes too abstract, involved and ad- 
vanced to admit of their satisfactor) 
expression by the literal method: if t! 
eontent of the mind is of the simpler 
variety, the literal method will suffice; 
and the spontaneous confinement of : 
individual to this mode of expression 1s 
an index to a mental or psychical caliber 
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CONVEYING 


inferior to that of his neighbor the artist 
who deals in symbols and scorns praise. 

But before the professional dealer in 
artistic symbols may gracefully accept 
this pean of praise, he has the difficult 
task of justifying his claim to the title 
of true artist. It is not sufficient that 
he feel the urge to paint or write 
romances or play the piano; it is not 
merely that he allow these impulses full 
play and acquire the ability to produce 
from his medium creations which draw 


praise from the critics and acclaim from 


the populace. For the true artist success 
is measured not by the pleasing impres- 
sion produced on others but by the 
accuracy and completeness with which 
the idea-complex in his mind finds ex- 
pression in the medium; it is a matter 
concerning the artist and his medium 
exclusively, and incidental auditors, wit- 
nesses or readers are simply interlopers 
who indelicately intrude upon a private 
affair and are to be ignored. 

Now it is a matter of common knowl- 
edge that artists, as a class, are deplor- 
ably vain about their creations. What 
prima donna regards the audience as 
indelicate intruders? Or what pianist 
laboriously masters the intricacies of 
Bach or Beethoven for the sole purpose 
of performing them for his own ears? 
Are we then to refuse to any whom we 
call artists the supreme title of 
artist? Happily we are not forced, by 
logic, to such an extremity. It is only 
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SOUND PERCEPTION BY INSECTS 


By Dr. B. B. FULTON 


NORTH CAROLINA STATE COLLEGE 


It would seem like a very foolish 
whim of nature to provide many insects 
with elaborate sound-producing mech- 
anisms if they could not hear their 
own music. But any one who studies 
living insects must notice their apparent 
indifference to the sounds we make. 
You can shout at an insect until you are 
blue in the face, and as long as no air 
currents strike it the insect goes about 
its business as if nothing had happened. 
Either it does not hear you or if it does 
it seems to consider the source and pays 
not the slightest attention. This lack 
of response to sounds has led many peo- 
ple to believe that insects are unable to 
hear. 

The most commonly accepted theory 
regarding the utility of insect sounds 
is that they are mating calls. If insects 
do not hear, this theory would have 
to be discarded. Fabre claims to have 
fired two mortars near singing cicadas 
without affecting their song. He says, 
*‘If any one should tell me that cicadas 
strum on their noisy instruments with- 
out giving thought to the sound pro- 
duced and for the sheer pleasure of feel- 
ing themselves alive, just as we rub our 
hands in a moment of satisfaction, I 
would not be greatly shocked.’’ Lutz 
questions whether the sounds produced 
by some insects have any more purpose 
than the snoring of a man asleep or the 
rattling of a Ford. Forel, after experi- 
menting with various types of sounds 
with a number of different insects, con- 
cludes that only crickets and certain 
other Orthoptera actually hear, but that 
all insects are remarkably sensitive 
through their tactile sense to vibrations 
of the ground or objects on which they 
are standing. 


If it could be proved that insects do 
not hear, then we would have to find 
new use for certain peculiar structures 
which insect anatomists call auditcry 
organs. Our knowledge of these organs 
is the result of many years of painstak 
ing research, mainly by German ento 
mologists. The first hearing organs to | 
investigated were those associated wit! 
an external tympanum or ear-drum 
which any one can find with a hand lens 
on the front legs of crickets and kat 
dids and at the base of the abdomen of 
short-horned grasshoppers. The _ sen- 
sory cells associated with all such organs 
were found to be characterized by the 
presence of a peculiar hollow rod which 
may be called the auditory peg. This 
tubular structure is imbedded in one end 
of a spindle-shaped sensory cell and the 
axis fiber of the cell extends through 
the tube just as a fiddle-string might be 
stretched through the center of a length 
of pipe. In the other direction the axis 
fiber is connected by nerves with the 
central nervous system of the insect. It 
would require about seven hundred audi- 
tory pegs placed end to end to measure 
an inch. 

Further investigation revealed the 
fact that insects of various groups 
possess sensory cells with auditory pegs 
which are not associated with ear-drums. 
They are usually found in bundles and 
suspended by means of ligaments be- 
tween two immovable points of the in- 
sect’s body wall in such places as to be 
free from the movements of the inner 
organs. They are found in larvae as 
well as adult forms, and in various body 
regions, such as segments of the abdo- 
men, in joints of the antennae, in legs 
and in wing veins. It is believed that 
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SOUND PERCEPTION BY INSECTS 


the integument of insects, like the ear- 
drums of vertebrates, may act as a sound- 
ing board to pick up sound waves from 
the air and transmit them to the audi- 
tory sensory cells. 

Large bundles of auditory pegs have 
been found in the enlarged basal seg- 
ment of the antennae of mosquitoes and 
many other insects. It is believed that 
the small bristles on the outer segments 
of the antennae pick up the vibrations 
and transfer them to the nerve endings 
In the case of the 
male mosquito whose bristles decrease in 
length toward the tip of the antenna, 
it has been demonstrated that different 
musical notes will cause different 
of bristles to vibrate. This experiment 
does not actually prove that mosquitoes 
hear with their antennae any more than 
it could be proved that a piano hears 
when its wires are set into sympathetic 
The mosquito 


in the basal segment. 


sets 


vibration by sound waves. 
gave no indication that it perceived any 
sensation of sound. 

The difficulty in demonstrating that 
an insect hears has been to find one that 
will react frequently to some sound that 
we can make. If all animals reacted to 
every sound perceived, what a lively 
the world would be. But a few 
have been discovered where for 
some unknown reason an insect will show 
a definite movement in 
sound. 

Turner experimented with some of the 
large native silkworm moths and found 
that by suddenly sounding an organ pipe 
or whistle in the insectary the moths 
would lift their wings as if about to fly. 
This happened in a sufficient number of 
that the movement was 
definitely associated with the sound. 
Precautions were taken to prevent vibra- 
tions reaching the moths in any other 
way than as sound waves in the air. The 
moths responded to a rather wide range 
of sound waves. 

One species, Telea polyphemus, re- 
sponded very little to the sound, for out 
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More recently Abott has demonstrated 
a more limited degree of sound percep- 
tion in the yellow-necked caterpillars, 


Datana perspicua,. These larvae feed in 
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colonies on sumac and when disturbed 
elevate the front and rear portions of 
their bodies. They responded in this 
manner when a pipe was sounded if the 
note was either middle C or F sharp above 
middle C. Here again the body hairs 
seemed to be associated with sound per- 
ception, for the response was destroyed 
when the hairs were sprayed with water 
or diluted shellac. In neither this ex- 
periment nor the last was it shown that 
the hairs are associated with auditory 
sensory cells. 

During all the years that entomolo- 
gists have debated the question of 
whether insects can hear, and while they 
planned and carried out careful experi- 
ments to prove it, a modest, retiring in- 
sect has been steadily broadcasting to the 
world that it can hear its own kind. 
That insect, the snowy tree cricket, is 
seldom seen, but its song has been heard 
and admired the country over. No ex- 
periment is necessary to show that it can 
hear; one has only to listen and observe. 
The measured. mellow notes, as they issue 
from the thicket on a summer night, seem 
to be the effort of a single singer, but in 
reality they may be the perfectly syn- 
chronized music of a dozen or more. 
This insect is a lover of rhythm and 
each individual is part of a leaderless 
orchestra. In what other way can these 
musicians of the dark coordinate their 
notes except by the sense of hearing? 

I have also observed this habit of syn- 
chronized stridulation in two species of 
the katydid family, but it is not common 
among singing insects. Probably others 
fail to practice it because they lack a 
taient for rhythm and not because they 
are unable to hear each other. 

In northern Arizona I have observed 
a species of grasshopper, Circotettiz 
coconino Rhen, which effects periodical 
community outbursts of a loud rattling 
noise made with the wings while putting 
on an exhibition of stunt flying. At 
intervals of about half an hour I would 
hear some of these grasshoppers flying 


in the distance. The sound would a; 
proach and suddenly several of the i: 
sects near by would take to the air ar 
make the desert ring with a terril 
clatter. Then they would settle dow: 
and I would hear the wave of distur 
bance passing on to other parts. How 
these grasshoppers, resting on the 
ground, often under the plants, know 
when it is time to perform their aeri 
antics except by the sense of hearing? 

It has been demonstrated by exper 
ment and observation that some insects 
can detect sounds. We have the word 
of the anatomists that a great many and 
perhaps all insects possess sensory or- 
gans containing auditory pegs, whic! 
seem to be better fitted for hearing than 
for any other function. It seemed to me 
desirable to tie up the two lines of evi- 
dence by an actual demonstration that 
the organs in question are the ones con 
cerned with hearing. 

The crickets and katydids that prac- 
tice synchronized stridulation are ideal 
subjects for such an experiment. They 
demonstrate hearing of their own accord 
and they wear their auditory pegs in 
specialized structures on their front legs 
where they can easily be removed with- 
out seriously injuring the owner. What 
could be simpler? 

The first species I experimented with 
was a short-winged katydid, Ambly- 


corypha rotundifolia brachyptera Ball, 


an inhabitant of the Iowa prairies. The 
song of this insect is a series of twenty 
to thirty sharp metallic rasps at the rat 
of about four per second. Each series of 
notes is followed by a rest period of 
about five seconds. In common with all 
crickets and katydids the sound is made 
by short wing movements. A specialized 
file-like vein on the under side of one 
fore-wing near the base is scraped by the 
edge of the opposite wing. The syn- 
chronism exhibited by ten males that | 
placed in a cage was almost perfect. 
The song of the group was continuous, 
and as each singer started its series of 
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SOUND PERCEPTION 


notes anew it would fall in with the gen- 
It was only by detecting 
the and 
chorus that one could be 
the 


eral cadence. 
slight 
volume of the 


variations in quality 


aware of the pauses in individual 
songs. 

[ next placed four of the 
another cage at some distance from the 
and with a 
their front tibiae, leaving them without 
On the 
operation two o 


singers in 


first small scissors cut off 
their supposed hearing organs. 
third night 
the mutilated katydids sang more or less 
continuously. The notes were not 
chronized except as they happened to 
sound together at times. The two males 
sang at slightly different individual 
rates so that if they started a series of 
notes in unison, they would be sounding 
alternately at the close. Later, three or 
four of the deaf katydids could be heard 
singing at onee, with a confusion of 
sounds that would have inspired a com- 
poser of rhapsodies. 

The normal katydids continued play- 
ing their synchronized music. In order 
to be doubly sure that my expectations 
did not deceive my senses, I requested 
some one who had no knowledge of the 
experiment to listen for a few minutes 
at each This observer noted at 
once that the song was rhythmical in one 
eage and a medley of confused sounds 
in the other. 

The next number on the experimental 
program male chorus of 
tree crickets, Oecanthus niveus De Geer. 
Their 
rhythmically repeated for an indefinite 
period. One lot of the erickets had their 
ears amputated as in the previous ex- 
periment, and the results were essentially 
the same. When only two of the muti- 
lated musicians were singing at once the 
notes were apparently synchronized at 
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syn- 


cage. 


was a snowy 


song is a clear, whistling note 


regular intervals, separated by periods 
during which the notes sounded alter- 
nately. This effect is produced by any 
two sets of rhythmically repeated sounds 


having slightly different frequencies. 
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chronize. Among such insects the loss 
of a leg is a matter of small conse- 
qence. If they are held by the hind 
legs when captured they will often 
voluntarily kick off one or both in an 
effort to escape. 

There is also a possibility, although 
a remote one, that the real hearing or- 
gans are concealed somewhere in the 
lower part of the tibiae or in the tarsus. 
Since these experiments localize the sense 
of hearing so near the tympanum or 
ear-drum with its bundles of sensory cells 
containing the so-called auditory pegs, 
there is little doubt but that sensory 
cells of this type are the organs responsi- 
ble for hearing in insects. 

We still leave unanswered the question 
of what range of sounds the crickets and 
katydids can hear. Do they merely hear 
the music of their own kind or do they 
hear many other sounds as well? This 
probably varies with each species, just 
as was found in the experiments with 
moths and caterpillars. 

I regard as purely academic the ques- 
tion of whether sound waves arouse in 
insects the same sort of sensations that 
they do in man or whether the insects 
merely feel a tingling sensation as we 
might feel the vibrations of a violin 
string by touching it with a finger. The 


settlement of this question may have to 
wait until insects have evolved suf- 
ficiently in intelligence to have a written 
language and practice the indoor sport 
of introspection. The fact remains that 
insects can detect certain sound vibra- 
tions transmitted by the air and that 
they can react to them about as quickly 
as the higher animals do. 

Granted that the crickets and katydid 
can hear their own kind, the reason w) 
they sing to each other still remai 
shrouded in mystery. Why do some s; 
cies maintain synchronized orchestr: 
and others remain soloists? There 
reason to believe that the primary util- 
ity of an insect’s song is to call a mate, 
but their musical efforts seem to be car- 
ried to an excess not demanded by that 
purpose. In most cases the singing 
males seem to seek out the mute females. 
But the wing structures responsible for 
the music of insects were evolved eons 
ago under conditions about which we can 
hardly even guess. Nature goes to ex- 
cess in most things. Possibly insect 
songs have no present utility at all, but 
the musical instruments have been re- 
tained, even perfected and specialized, 
because they were not harmful to the 
species possessing them. 
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WILL THE NEGRO SURVIVE IN THE NORTH? 


By Pr 


UNIVERSITY 


TEN years ago most students of the 
subject would have answered in the 
negative the question which forms the 
title of this article. 
them give the 
day. the vital 
Negro recently 
marked changes that the question is at 
least debatable, and if it should turn out 


that the affirmative answer is the cor 


Probably many of 


would answer to 
But 


have 


Same 
¢ 


statistics ol the 


such 


undergone 


rect one the matter is of grave concern 


Amer- 
ican people, north as well as south 


for the racial composition of the 


The first decades after emancipation 
witnessed a rapid growth of our Negro 
population which afforded the occasion 
for widespread alarm. Between 1860 
and 1880 the Negroes increased from 
4,441,830 to 6,580,793, and by 1900 they 
numbered 8,833,994. This rather strik- 
ing increase led writers to 
press the fear that the country was on 
its way to becoming a Haiti. 
However, the census returns of the last 
three decades that the Negro 
population, while continuing to grow, 
was increasing at a diminishing rate, 
and that the whites were multiplying 
much more rapidly than the Negroes. 
The fear of being swamped by the rising 
tide of black humanity has now mainly 
subsided, and some students of popu- 
lation problems have recently expressed 
the conviction that inhab- 
itants will soon be actually decreasing 
in numbers and that the race problem 
will ultimately solve itself. As far back 
as 1896 Dr. F. L. Hoffman made such a 
prediction in his well-known essay on 
“The Race Traits and Tendencies of 
the American Negro,’’ and similar views 
were championed somewhat later by Dr. 
Corson in a fairly extensive survey of 
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ity rates of the censuses of 1870, 1880 
and 1890 are practically worthless, and 
we have to base our conclusions on the 
statistics of the few states and cities 
which kept adequate records during 
these periods. Taking the death-rates 
of the white and colored population in 
the registration area we find the follow- 
ing trend: 

DEATH-RATES OF THE WHITE AND COLORED! 
POPULATION OF THE U. 8S. REGISTRATION 
AREA, 1890 To 1920 

1890 1900 1910 1920 
White 20.22 17.1 14.58 12.59 
Colored 32.4 29.4 24.1 18.00 


The Negro rate is still much the 
higher, but it is not so high as the white 
rate thirty years ago, and in many 
places it has declined at a more rapid 
pace. 

Hygiene and public health measures 
are doing much to lengthen the average 
life of the Negro. The control of 
epidemics and the various means which 
medical science has discovered for the 
prevention and cure of disease have con- 
ferred their benefits on whites and blacks 
alike. Death-rates will decrease more 
slowly as the average duration of life 
approaches the natural limit of human 
longevity, and we can therefore look 
forward to a more rapid decrease of 
mortality in the Negroes than in the 
whites. The average duration of human 
life has been prolonged, not through an 
extension of its natural span, but by 
reducing the mortality of its early and 
middle periods. It is in these periods 
that the mortality of the white and 
black races differs most widely. It is 
in these periods also, and especially in 
early life, that death-rates are most 
readily affected by environmental causes. 
How closely the mortality of whites and 

1The term ‘‘colored’’ as used in our vital 
statistics includes a few persons of other races 
besides the Negro, but in the regions con- 
sidered the proportion of these is so small that 
no error of moment will be made by disregard- 


ing them. 


blacks can be made to approach it is im- 
possible to predict. Perhaps racial sus- 
ceptibilities to certain diseases will con- 
tinue to cause differences in mortality 
which no environmental changes wil] 
be able to eliminate. But, however this 
may be, it is unquestionable that grea 
reductions in Negro mortality may be 
made before this limit is reached. 

Since the mortality of the Negroes 
has undergone a marked reduction it is 
evident that their slackening rate of in- 
crease must be due largely to the de- 
cline in their birth-rate, although this 
decline has not been so rapid as in the 
whites. The excess of births over deaths 
has been lower among Negroes, but it 
has shown a tendency to approach th: 
white rate in most of the states included 
in the registration area for births. In 
several northern states the Negroes 
have the higher birth-rate, but as a rule 
their mortality has been so high as to 
bring their net rate of increase below 
that of their white competitors. In the 
light of recent vital statistics, however, 
one can not be sure that this condition 
will last long. 

It has been a commonly accepted con- 
clusion that the Negro can not withstand 
the more rigorous climate of the north- 
ern states. There are few Negroes in 
the states bordering our northern 
boundary, and still fewer in Canada. 
Climate has been held to impose a bar- 
rier to the northward spread of the black 
man as it does to the distribution of 
many species of plants and animals. 
This conclusion has been supported by 
the fact that until very recently most 
northern states and cities have had 
more deaths than births in the Negro 
race. 

Ever since the Civil War we have 
had an increasing migration of Negroes 
into the north. At first they did not, 
as a rule, travel far north, but of late 
they have been appearing in our north- 
ernmost states in rapidly increasing 
numbers. The demand for labor dur- 
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WILL THE NEGRO SURVIVE? 


ing the great war drew vast numbers 
jnto the industrial plants of our north- 
ern cities. Between 1910 and 1920 the 
Negro population of New York City was 
increased by 60,758, or 66.3 per cent.; 
that of Chicago by 65,355, or 148 per 
eent.; that of Cleveland by 26,003, or 
307.8 per cent., and that of Detroit by 
35,097, or 611.3 per cent. Since the 
Negro migration slackened, but it still 
continues to a large but not precisely as- 
extent. The 
labor arising from the restriction of 
European immigration has created, and 
will continue to create, a demand for 
Negro employees which will 
steady inpouring of black humanity into 
our northern centers of industry. The 
Negro bids fair to supply no small part 
of our population in many 
kinds of employment. He finds condi- 
tions in the north more attractive in sev- 
than in the south. He 
usually secures better wages, a superior 
social status and better educational ad- 
vantages for his children. Often he has 
to put up with housing conditions of 
the worst description, but they are, as 
a rule, no worse than those he left be- 
hind. But his conditions of life in the 
north are improving. With improved 
facilities for education, combined with 
higher wages, his station in life may be- 
come quite as favorable as that of the 
whites in similar employments. 

gut will he thrive? Formerly the 
Negro armies have been marching north 
to their destruction. A study of the 
balance sheet of births and deaths in 
any of the states or cities of the north 
shows that deaths among the Negroes 
have everywhere been more numerous 
than births. Pneumonia, 
venereal diseases, a high infant mortal- 
ity and the various ailments resulting 
from ignorance and improvidence have 
taken so heavy a toll that even Negro 
fecundity was unable to compensate for 
the losses. Recently, however, the situ- 
ation has begun to take on a new aspect. 
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should be econ 


the age composition of the 
Recent migrant 


the north include many Negroes in the 


Negro population. 
middle period of life when child-bearing 
is relatively frequent, and our stat 
might therefore give an exaggerated 
ture of the real fecundity of the gro 
Fortunately a certain amount of cl 

is supplied by the data which th 
reau of the Census has 
lished on the 
data that in practically all 
northern the total 
children born to each mother who gave 


recently 
size of families These 
show the 
states number of 
birth to a child during the year is gr 

in the colored than in the 
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the number of children of 
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AVERAGE NUMBER OF CHILDREN Ever Born TO 
WOMEN WHO BECAME MOTHERS IN 1924 
BY COLOR AND NATIVITY IN REPRE- 
SENTATIVE NORTHERN STATES 

Native Foreign 


OX 
Born Born Colored 


Registration area 3.0 3.9 8. 
Cities 2.5 3.6 3. 
Rural districts 3.4 4.7 4. 
California , 3.4 3. 
Connecticut 6 4.2 3. 
Illinois 2. 3.6 3. 
Indiana 3. 4.0 3. 
3. 
3. 
4. 
3. 
3. 


—  -~J] 
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Oo Ww oo 


Iowa 3. 4.1 
Kansas 3. 6 
Maryland 
Michigan 
Minnesota , 
New York 2.6 3. 2.$ 
Ohio 2.9 . 3.3 
Pennsylvania 3.1 f 3. 
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Negroes are more than holding their 
own in most places in the north. Up to 
the period of the great epidemic of in- 
fluenza the balance sheet of births and 
deaths was against the northern Negro; 
during the last four or five years it has 
been decidedly in his favor. 

Northern Negroes are largely inhab- 
itants of cities. The efficient means 
taken in many northern cities for the 
promotion of public health have ma- 
terially increased the Negro’s chances of 
survival. In New York City, whose 
public health administration is one of 


Inrant Morrauiry Rates (DeaTHs PER ONE THOUSAND BIRTHS) 


ply, free clinics, opportunities for pre- 
natal care and various other means for 
promoting the welfare of mother and 
child, the Negroes of New York City a: 
finding conditions quite favorable for th: 
perpetuation of their kind. The larg 
life insurance companies, such as t 
Metropolitan, have done much throu 
health education and supplying fr 
nurses to increase the longevity of th 
colored patrons. The treatment of « 
pectant mothers afflicted with syph 
which is so common a scourge of 
American Negro, has proven effective 
the reduction of still-births and ab 
tions, and will doubtless tend to enhar 
the birth-rate and reduce infant mort 
ity. It is not surprising that New York 
City was among the first of the cities | 
the north to show a preponderance 
births over deaths in its Negro popula 
tion. 

In connection with the problem of t 
fate of the northern Negro it is of in- 
terest to compare the vital statistics of 
Negroes in northern and in southern 
cities. Taking the cities of the northern 
states in the registration area for births 
in 1924, we find a surplus of 11,729 
births over deaths, whereas in the cities 
of the six states in this area south of 
the Ohio and Potomac rivers the excess 


OF THE WHITE AND 


CoLORED POPULATION oF New York City, 1915-1924 
1915 1916 1917 1918 1919 1920 1921 1922 1923 1924 


White 97 92 87 90 
Colored 200 169 176 171 


the best and whose Negro population is 
now one of the largest (over 160,000), 
the death-rate of the Negroes has mark- 
edly decreased, while the birth-rate has 
been rising. The previously very high 
infant mortality of the Negroes has de- 
clined more rapidly than that of the 
whites. In fact, it has been nearly cut 
in half in the short space of a single de- 
cade, and is now at a point lower than 
the rate for white infants not many 
years ago. With an improved milk sup- 


79 83 69 73 65 66 
145 157 135 117 116 106 


of births over deaths is only 227. It is 
true that the northern cities contain a 
larger number of Negro inhabitants, 
but less than three times as many (1,- 
603,021 as compared with 644,509), 
while if we consider their excess of 
births over deaths they have contributed 
more than fifty times as many persons 
to the Negro population. In the cities 
of South Carolina, Mississippi and Ken- 
tucky there were actually more Negro 
deaths than births. 
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ss of vital statistics 

eaning of these striking facts wi 
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error from the Incompleteness 


especially of births 


hich IS apt to be yreater among tire 


Negroes than the 
composition to which 


marked 


whites, there ar 
ferences in age 
have referred which have a 


fluence on crude birth and death rates 


But when urban mortality rates are ad 
| 


justed for age there is, in general, a 
higher Negro mortality in southern than 
in northern cities, indicating that condi 
life are more favorable for the 
Negro in the 
previously 
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EXPERIMENTAL DETERMINATION OF THE 
VELOCITY OF LIGHT' 


By ALBERT A. MICHELSON, U. S. N. 


CONSIDERING the importance of this 
physical constant as one of the simplest 
and most accurate means of ascertaining 
the distance of the sun from the earth, it 
seems surprising that but three scientists 
have sought to obtain it experimentally. 

These were Foucault, Fizeau and 
more recently Cornu. 

Foucault used the method known as 
that of ‘*‘Wheatstone’s revolving mir 
ror,’’ the application of which was first 
suggested by Arago. 

Fizeau and Cornu both used another 
method, known as that of the ‘‘toothed 
wheel. ”’ 

In Foucault’s experiments the dis- 
tance traversed by the light was 20 
meters. The result obtained was 185,200 
Cornu’s stations 
The result 


miles per second. 
were about 14 miles apart. 
obtained by him was 186,600 miles, 
which exceeds the former one by 1,400 
miles. 

The objection to Foucault’s method is 
that the displacement, a quantity which 
enters directly in the formula, is very 
small, and therefore difficult to measure 
aceurately. The objection to Fizeau’s 
is that the time of total disappearance of 
the light was necessarily uncertain. 

The object of the experiments which I 
have undertaken is to increase the dis- 
placement in the first method. This ean 

1 Reproduced on the oceasion of the fiftieth 
anniversary of the presentation of this _his- 
torical paper before the American Association 
for the Advancement of Science. It was 
printed in 1878 in the Proceedings of the 
Association. The Michelson Meeting of the 
Optical Society which convened during the 
first week of November celebrated this event. 
An account of this meeting—together with a 
picture of Dr. Michelson—may be found at 
the end of this number. 


be done in several ways: Ist, by 
ing the speed of the mirror; 2nd, | 
ereasing the distance between 
mirrors; 3rd, by inereasing the 

of measurement, 7.e., the distanes 
the revolving mirror to the seale. 

In Foucault’s experiments the sp 
of the mirror was 400 turns per secor 
the radius of measurement was al 
one métre, and the distance between 
mirrors was about ten 10) metre 
The displacement obtained was abe 
0-8 milimétre. 

In my experiments, the speed ot 
mirror was but 130 turns per second 
but the radius of measurement was f1 
fifteen to thirty feet—and the distan 
between the mirrors was about 500 

The displace ment obtained varied fri 
0-3 inch, to 0-63 ineh, or about twent 
times that obtained by Foucault. 

With a greater distance between 


mirrors, and better apparatus, I expect 


to obtain a displacement of two or thre 


inches and to measure it to within on 
thousandth part of an ineh. 

The following is a description ot 
apparatus employed in these preliminai 
experiments. 

Fig. 1 represents the plan. The sw 
rays are reflected by a heliostat throug 
a slit S, and upon a mirror R, whieh r 
volves about a vertical diameter. Thi 
are thence reflected to a fixed plane m 
ror M, upon the surface of which 
image of the slit is formed by means 
the lens L. The light now retraces 1 
path, and finally forms an image of 
slit, which, when the mirror, R, is 
rest, coincides exactly with the slit its 
When the mirror revolves slowly, 
coincidence is still maintained, but 
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is, after passing through the lens, always 
Thus, all 
which comes during th 


rendered parallel to the axis. 
the light 
of a revolution repre sented by thie 


part 

angle 
subtended by the lens, is collected into a 
succession of pe neils whose axes remail 
parallel to the axis of the lens; hence the 
distance between the mirrors may be as 
great as we please. 

It is to be remarked, however, that as 
this distance is increased, the radius (or 
distanee R S, Fig. 1 
if we wish to preserve the maximum ol 
light. 


must be decreased. 


In practice, it was found unneec- 
essary to place the revolving mirror at 
the astronomical focus of the lens, and, in 
fact, this distance was in some cases only 
one fourth the focal length of the lens. 

Other things equal, the greater the 
diameter and the focal length of the lens, 
the brighter will be the image. 
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gitwc 


BW 


insures a steadier and more uniform 


motion. 








For keeping the speed constant and 
for measuring it accurately two devices 
were used. In the first the light reflected 
from the revolving mirror fell upon the 
toothed wheel of a chronograph, which 
itself was accurately timed after each 
experiment. 

When the time between the passage 
of two adjacent teeth was the same as 
the time of one revolution of the mirror, 
then the wheel appeared stationary, 
turning slowly forwards or backwards 
as the mirror revolved too slowly or too 
rapidly. 

In the latter part of the experiments, 
a tuning-fork, bearing a mirror on one 
prong, was used. This was kept in 
vibration by a current of electricity. 
The fork was placed so that an observer, 
about to measure the displacement, could 
also see, in the mirror attached to the 
fork, an image of the revolving mirror. 
When both mirrors are at rest, this 
image is of course similar to the object; 
but when the fork is set in vibration 
the image is drawn out into a band. 


When, however, the revolving mirror 


is started and attains the proper speed, 
the image again assumes its original 
shape. The fork is afterwards ecom- 
pared with one of Koénig’s standards. 
The slit and micrometer were con- 
nected so as to form but one piece. 
This piece of apparatus is represented in 
Fig. 3. S, is the slit; ab, a piece of 
plane glass partly silvered. The light, 
proceeding in the direction SM, is re- 


















































Fig. 


turned in the contrary direction, 
part of it is reflected from the glass 
forming an image of the slit whie 
made to coincide with the cross-| airs 
d. When the mirror’ revolves 
image is displaced to d’. The slit S m 
then be moved in the direction SS’ 
the displaced image coincides with 
ceross-hairs, and the distance SS’ ac 
‘ately read by a screw bearing a divid 
cirele. This method of observing do 
away with any error which might ar 
from **parallax’’ due to inexact focu 
ing. 

In these experiments the displace ment 
was so great that the slit moved entire] 
outside the field of light. To avoid t 
difficulty, the other parts of the app: 
ratus, viz.: ab, the glass mirror, d, t 
eross-hairs, and 7, the lens for viewh 
the image—were moved by the screw 
in the opposite direction past the s 
the distance moved, which is exact 
equal to the displacement, is accurat: 
read on the divided cirele c. 

The piece ot lass ab was pa 
silvered in order that when the min 
was at rest, the image of the slit wo 
be seen from the unsilvered port 
while the displaced image, which is v' 
much fainter, would be seen by refi 
tion from the silvered part. 





VELOCITY OF LIGHT 


The annexed table gives the results of 


independent observations, mad 


der difficulties and with apparatus 


4 


lapted from the material found in the 


saboratory of the Naval School: 

Their accordance with each other and 
the gene rally accept d result justi 

s the expectation ol obtaining, wit 

roper appliances and under mors 


rable conditions, the correct resu 

thin a few miles; and, I trust, justifies 

e demand I have made on your tim: 
and attention. 

In eonelusion, I take this opportunit 

tendering thanks to Mr. A. G. Hemi 
way, of New York, for contributin: 
42.000 for the purpose of ea 


these ¢ Xp rime nts. 




















ALBERT A. MICHELSON 





THE PROGRESS OF SCIENCE 


THE MICHELSON MEETING OF THE OPTICAL SOCIETY OF AMERICA 
By G 


; 


PROBABLY the most notable and inter 
esting meeting which has ever taken 
place in the lecture room of the Na 
tional Bureau of Standards was that of 
the Optical Society of America on the 
afternoon of November 2, when mem 
bers of the society, a large percentage 

the staff of the Bureau, and as many 
others as could possibly get within 
hall or around the loud-speakers outside 
gathered to hear Professor Albert A 
Michelson present the results of his seare! 
latest experiment on ether drift. and himself 
incidentally to do honor to the dean of — paper 
American optics. If Professor Michel Repetit 
son experienced any disappointment in) Experime 
getting no indication of ether drift in briefly 
his latest repetition of the Michelson perime! 
Morley experiment it must have been — ratus, hi 
more than offset by the reception whicl periments 
was given him at the ‘** Michelson Meet Pease 
ing’’ of the Optical Society 

It was peculiarly fitting that when 
the executive council was planning this 
thirteenth annual meeting of the society, 
they should decide to name it ‘‘the 
Michelson Meeting,’’ because it was just 
00 years ago that A. A. Michelson, then 
an ensign at the United States Naval 


; 
i? 


Academy, now the veteran of many Follow 


victories in the intellectual conquest of — tributes of 
nature, published his first contribution paid to tl 
to a scientific journal, an item of o1 1\ Professoi 
a few lines and a single diagram on his 
now renowned method for measuring 
the velocity of leht Silliman’s Jow 
nal, Vol. 15. )) Of : May, 1878 The (osmos ¢ 
method was deseribed in detail in a pape. Dr. ¢ iD 
( 


presented at the meeting of the America seare| 
Association for the Ad-ane« ment ot Se authority 


ence in August, 1878, Lich is reprinted = triend 


trom the Proceedings in the preset nt ha potis 
issue of THe Screntivic MontrHLy. Michelsor 
As Mr. I. G. Priest, the president of | to his many 
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de the field of physics, were of the 
rreatest interest. Dr. Munroe took this 
weasion to return to Professor Michel 
son an oil painting of a plate of apples 
which the latter had executed when he 
as considering the possibility of sup 
lementing his skill by a knowledge of 
aainting. The picture was a creditable 
performance and Dr. Munroe suggested 
that it be used as the nucleus of a per 
manent collection of material associated 
with Professor Michelson’s early work 

Professor Michelson’s address at this 
dinner was also rich in reminiscences of 
his younger days, among them being the 
time when one of the instructors at the 
Naval Academy took him to task for his 
lack of interest in subjects other than 
mathematics, chemistry and physics and 
warned him to drop this ‘scientific 
stuff.”’ Hle attributed his interest in 
what later became his life’s work to an 
assignment by Admiral Sampson to di 
liver a leeture on the velocity of light 
[t was while developing an apparatus to 
be used for demonstration purposes in 
this lecture that he started to make ae 
tual measurements of the speed of light 
on his own account. 

The dinner was likewise notable as the 
occasion selected by Dr. Herbert E. 
Ives for presentation to the Optical 
Society of America of the Frederic Ives 
medal which Dr. Ives has endowed in 
honor of his father, distinguished for his 
pioneer contributions to color photogra 
phy, photoengraving, three-color process 
printing and other branches of applied 


optics. The medal will be awarded bien 


nially by the society ‘‘for distinguished 
work in opties.”’ 

Thirty-nine papers were presented on 
many diverse subjects in opties. An 
unusual feature was the presentation, 
for the first time in the United States, 
of the remarkable motion picture film 
made by Professor W. H. Wright at the 
Lick Observatory, illustrating the rota 
tion of the planet Jupiter. Not only 
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THE MICHELSON-MORLEY ETHER DRIFT EXPERIMENT 


Wuen Professor A. A. Michelson, of 


the University of Chicago, announced at 
the meeting of the American Optical 
Society the latest results of his work on 
ether drift, he wrote the latest chapter 
in a history which he began, and in 
which the theory of relativity that made 
famous the name of Einstein plays an 
important part. 

According to a review of the work 
prepared by Science Service it was in 
ISS7 that Professor Michelson, then at 
the Case School of Applied Seience in 
Cleveland, collaborated with his eol- 
league, Professor E. W. Morley, in per- 
forming the now elassical Michelson- 
Morley experiment. Up to that time 
scientists were generally agreed in sup- 
posing that light waves traveled through 
a queer medium which pervaded all 
space, and which was ealled the ether. 
It the ether was in all space, then it 
should be possible to detect the earth’s 
motion through it. The earth travels 
around in its orbit at a speed of about 
20 miles per second. If a beam of light 
is divided into two parts then sent in 
directions at right angles to each other, 
reflected from two mirrors back and re- 
combined, light and dark bands may ap- 
pear. These are due to the light waves 
getting tangled up, and interfering, and 
so are called interference bands. 

If one beam of light has to travel a 
little longer than the other, the bands 
are moved and so the method affords 


a very delicate method of measuring 


minute displacements. In one form this 
interferometer has proved a_ valuable 
scientific measuring instrument. Motion 
through an ether would produce the 
same effect as a lengthening of one of 
the beams, and so would theoretically 
cause a shift in the fringes, depending 
on the direction of the light paths with 
respect to the earth’s motion. Professor 
Michelson and Professor Morley tried 
the experiment, but found an effect far 


less than that expected. So small was 


that they attri 
errors. Other 
dey ised to show 


of them gave an 


buted it to unavoidal 
experiments were lat 
the same effect, but nor 


Vv ey idence of the eart! 


drifting through the ether. 


Then physic 
around for som 
effect did not « 
Lorentz, of Ho 
now termed the 
traction. This 


space produces 


‘ists began to sear 
» explanation of why 
weur. Professor H 
land, proposed what 
Lorentz-Fitzgerald eco 
was that motion throug 


an actual shrinkag 


physical objects, which would just b 


ance the effect sought for. As all mi 


suring sticks wo 


uld be similarly affecte: 


it would be impossible to detect this ¢o 


traction. Fina 
ment of these i 
his preliminary 
1905, followed 
in 1915. 


In the ten years alter the publicatic ! 


llv, as a further develo 
deas, Einstein propose: 
theory of relativity 


by his general theo 


of Ejinstein’s paper, the three *“proots 


of the theory that he suggested wer 


successful. One was the explanation 


the strange behavior of the orbit of t 


planet Mereury 
ing of light wa 
the sun, shown 
during solar ec 
the shift in the 


+ 


Another was the bend 


ne 


ves as they passed neal 


by observations mad 
lipses. The third wi: 


lines of the sun’s spec 


trum when compared with spectra o 


light from terre 
ingly, the relat 


‘strial sourees. <Aecord 


ivity theory was plac 


on just about as firm a foundation as 


theory could be. 
gut a diffier 


Dr. Dayton :3. Miller. professor ot phys 


ics at the Case 
ence, where M 
formed his exp 
Miller obtained 


ulty appeared in 192: 


School of Applied Se 
ichelson had first pei 
eriment, tried it agan 
small effects, less tha 


had originally been expected, but appa 
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seemed to show 
towards part of 
lation of Lyra. 
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recognize the existence of such a motion 
the results seemed rather convincing 
Though efforts were made at the tim 
to get Professor Michelson to comment 
on this result, surprising to science b 
eause it did show an effect, he = said 
nothing. However. he was not satisfied 
with the situation so he set out to rep 
the experiment himself In the mean 
time other scientists tried the experi 
ment, one in Germany even making ob 


’ 
spend s 


servations from a balloon, but none con 


Pacey) 
firmed Professor Miller’s results. oS 
vave the same negative result that 

been obtained befor 

No one questions d the accuracy ol the 
original Michelson Morley experiment 
Professor Miller pointed out that Miche 
son had obtained a slight effect, attrib 
uted to experimental errors, and that it 
was genuine. Still Professor Michelson 
said nothing, but continued his prepara 
tions to repeat the experiment on a 
more accurate scale than ever befor | 
he still obtained the small effect, it would 
be obvious that it was real, but if it wer 
eliminated or greatly reduced, then 
would be apparent that in originally at 
tributing it to experimental errors he 
had been justified. 

The apparatus was set up in one o 
the buildings of the Mt. Wilson Observa 
tory in Pasadena, California. The steel 
plate on which the 100-ineh mirror ot! 


the observatory *s oreat reflecting tel 


THE NEW YORK MEETING OF THE AMERICAN ASSOCIATION 


THe American Association for the 
Advancement of Science and the Asso 
ciated Scientific Societies will meet in 
New York City from December 27 to 
January 2. It is one of the greater 
convocation week meetings held at inter 
vals of four years successively in Wash 


; 


ington, New York and Chieago. The come i 


twelve years since the association last Natural History, 


met in New York have been a significant tion has becom: 
beard 


period in the history of the nation and tifie inst 


in the progress of science, and we may ings of 
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sections, and of the forty-four associated 
societies will be held mainly at Columbia 
University and at the American Museum, 
but some sixty scientific and educational 
institutions of the city are cooperating 
in the arrangements. 

The opening meeting will be on Thurs- 


day evening in the American Museum, 


when, after brief addresses of welcome 


Professor Charles P. Berkey, of Colum- 
bia University, will speak on recent re- 


Mongolia. 
reception 


searches on the geology of 
There 


and the exhibition 


will follow a general 
halls of the museum 
will be open, several new exhibits being 
on view for the first time. 

On Monday evening Professor A, A. 
Noyes, of the Institute of 
Technology, retiring the 
association, will give the annual address 
on ‘** The Story of the Elements.’’ 
evening addresses in the museum will be 
the Sigma Xi 
Arthur H. Compton, of the University 
of Chicago, recently awarded one of the 
Nobel Prizes, whose subject is ‘‘ What is 
Light ms Professor W. M. Wheeler, of 


California 
president of 


Among 


lecture by Professor 


COLUMBIA 








UNIVERSITY 


Harvard University, will lecture on new 


tendencies in biological theory Pro 
fessor Harlow Shapley, director of the 
Harvard College Observatory, will speak 
After each 


recep 


on ‘‘Galaxies of Galaxies.’’ 
of these addresses there will be a 
tion and the corresponding halls of the 
museum will be open throughout the 
evening. 
Among the 


addresses may be 


general 
Wil 
lard Gibbs lecture by Professor G. H 
Hardy, of the University of Oxford, en 
titled *‘An Introduction to the Theory 
of Numbers’’; 
Boas, of Columbia University, on ‘* Im 


number of 


la ree 


noted the Josiah 


one by Professor Franz 
migration of Asiatic Races and Cultures 
to North and the exhibition 
of a Canti film showing in motion 
tures the behavior of 
Professor Charles A. Kofoid, of the Uni 
versity of California. 

the 
meeting during the 


Ameriea,’”’ 
pie 


tissue cells, by 


Each ot sections and societies 


week has its own 


program which in many cases includes 


general addresses, joint meetings and 


symposia that are of interest to those 
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the 


this ma 


who are not specialists. <A list of 


tire issue of 


would fill an en 

zine; the full program 

three hundred pages. 
The groups of scientific men will hav 


will extend 


their dinners, smoke rs and other social! 
The scientifie exhibit gives not 


TO 


events, 
opportunity learn about 
recent but 
place where scientific men can meet on 
another. This there inter 


vening Sunday which gives opportunity 


only an 


advances, also provides a 


vear is an 
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THE NEW PHYSICS -BUILLDING 


The local arrangements for the meet- 
ing are in the hands of an executive 
committee, of which Professor George B. 
Pegram, dean of the School of Applied 
Science of Columbia University, is chair- 
man, Professor M. I. Pupin, president 
of the association four years ago, hon- 
orary chairman, and Professor Sam F. 
Trelease, secretary. There are numerous 
special committees on which the scien- 
tific men and the scientific institutions 
of the city are fully represented. The 
association is especially fortunate in the 
circumstanee that Professor Osborn, its 


OF COLUMBIA UNIVERSITY 


president, has been able to take a lead 
ing part in the arrangements. 

The issue of Science for November 30 
contains the preliminary program, edited 
by Professor Burton E. Livingston, with 
full details hotel head 
quarters, transportation, places of meet 


coneerning 


ing and the more general features of the 
program. A copy of this issue of 
Science can be obtained without charge 
from the Permanent Secretary of the 
American Association for the Advance- 
ment of Seience, Smithsonian Institu 


tion Building, Washington, D. C. 
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—_VESALIUS— 


THE ICONOGRAPHY OF ANDREAS VESALIUS 


A Magnificent Album of all the 
Portraits of the Father of Anatomy 





Jrom 


PAINTINGS - PICTURES - ENGRAVINGS 
ILLUSTRATIONS - SCULPTURE - MEDALS 


With illuminating text by M. H. Spielman, and forewords 
by Paul Heger, Arthur Keith, Tricot-Royer, 
and Harvey Cushing 





Our copies contain, as a supplement, a large folding-plate 
on linen, of the title-page of Vesalius’ chief work, printed 
by kind permission of the present owner, direct from the 
original wood block. 











THE MOST ELABORATE OF THE RESEARCH 
STUDIES OF THE WELLCOME HISTOR! 
CAL MEDICAL MUSEUM 





$9.50, postpaid 
Obtainable in America from 


MEDICAL LIFE PRESS 


12 Mt. Morris Park West New York, N. Y. 
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Complete Equipment for 


Explorers, Scientists, Engineers, 
Hunters and Travelers 
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Expedi- ' ‘ U.S. 
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Gurley’s Transits, Levels, Current Meters; Paulin Altimeters; Binoculars, Microscopes; 
Cameras, Motion Picture Outfits; Tents and Camp Requisites; Sleeping Bags; Saddlery; 
Outdoor Clothing for every climate; Boats; Arms and Ammunition, etc. 
We have recently equipped two expeditions for Greenland, one for Persia 
and others for Venezuela, Peru, Bolivia, and Brazil. Some of these explor- 
ing parties we equipped with practically everything they needed from engi- 
neering instruments to rifles, ammunition, and food. 
Our tents, made of Equatorial Waterproof Cloth, have stood the sun of 
the tropics and the freezing blasts of the Polar regions. 
Let us furnish estimates—write us your wants. 
Catalogs and Testimonial Letters on request. 


ANTHONY FIALA “Zcasecey 


** Look for the sign of the Polar Bear”’ 
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? Queries 
WHAT IS 
The 20th Century Naturalist? 


One who devotes much of his time and energy to the study of nature, doing 
this because of his love for it and faith in it as that through which his own life 
and all other lives exist and have meaning and worth. 

What is his guide? 


RitTER AND BaAILey’s 


THE ORGANISMAL CONCEPTION 


Its PLACE IN SCIENCI 
AND 
Its BEARING ON PHILOSOPHY 


. When a competent student of the nervous mechanism t 
living body shapes its own destiny, creates 1ts own form and a\ 


? ? 


and organizes its own materials during and by means of its varied 
Herrick), and when a competent mathematical physicist tells us 
electron within a living body is different from an electron outsid 
reason of the plan of the body 4g W hi ite hes id , we be rin to ask what 


beings we are, and what is the general scheme of things of whic} 


Paper only, 65 cents 
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Berkeley, California 











American Marriage and 
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By ErNeEST R. Groves, [ 
and WILLIAM F. Oagpurn, / ersit fj 


‘*T find this book to be the most valuable study of the me! n far vow 


issued. It should prove a useful text.’’—Charles A. Ellw $4.50 


Students’ Edition $3.60 


The American Community in Action 
By Jesse F. Sremner, Tulane I 


‘*T find the book the most enlightening expose of the natu strugg t | 
have ever met with. It lays out before tl reader the factors of t' ! t tior 


’ 


operating in our communities.’ E. A. Ross, $3.00 


Students’ Edition $2.40 


The Science of Public Welfare 


By RoBF! 


**Deals clearly and effectively with the legal 


efforts to cope with problems of poverty, ( c 
ease.’’—Mary Clarke Burnett in The Survey $3.50 
Students’ Edition $2.80 


HENRY HOLT AND COMPANY 


One Park Avenue New York 

















THE SCIENTIFIC MONTHLY—ADVERTISEMENTS 





THE SCIENCE PRESS 


PRINTING COMPANY 

The Science Press Printing Company 
has been established and equipped for 
printing scientific literature in the best 
way, with compositors, pressmen and 
proof-readers trained for technical work. 
It is a business corporation but it has 
been founded to provide facilities essen- 
tial for the advancement of science. 

The corporation owns its building at 
Lancaster, Pennsylvania, over 14,000 
square feet of floor space lighted on all 
sides, with space for printing a hundred 
scientific journals. It has the best ob- 
tainable presses, composing machinery 
and binding equipment. What is more im- 
portant, it has the most competent press- 
men and compositors in a city which 
since “Science” was first printed there 
in 1894 has become a center for fine 
scientific printing. The costs are only 
about three fourths as much as in the 
large cities. 

Those authors who have read proofs 
will know the correctness of the compo- 
sition, including the technical scientific 
terminology. A distinguished scientific 
man wrote recently to the editor of “Sci- 
ence”: “I corrected my first proof a year 
before you were born and the one I re- 
turned yesterday was the first one in my 
long experience that needed no correc- 
tion.” 

The press prints “The Scientific 
Monthly,” “Science,” “School and So- 
ciety,” “The American Naturalist” and 
some twenty other scientific journals and 
publications. The typography and press- 
work of these journals will bear com- 
parison with any weekly or monthly pub- 
lication, although, for example, “Science” 
must be printed mostly in one day in an 
edition of over 13,000. The new edition 
of “ The Biographical Directory of Amer- 
ican Men of Science” is an example of 
the work of the press. It can to special 
advantage print scientific monographs 
and doctorate dissertations. 

Correspondence should be addressed to 
the secretary, Jaques Cattell, The Science 
Press Printing Company, Lancaster, Pa. 
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Biological Sciences 


Naturalists’ Supplies 

Microscope Slide Preparations 

Preserved Material 

Models and Museum Preparations 

Lantern Slides 

Charts, Botanical and Zoological 

Microscopes, Microtomes and 
Accessories 

Dissecting Instruments 

Laboratory Glassware 

Chemicals 

Bacteriological Reagents 


Prompt Guarantee 


Service Quality 


New York Biological Supply Co. 


General Supplies for the Biological Sciences 
34 UNION SQUARE NEW YORK CITY 

















PHOTO-ELECTRIC CELLS 


THE BURT CELL 


Without Fatigue—Highly Sensitive—Absolutely 
Reproducible—Instantaneous in Response 


The BURT-CELL is made by a new method 
and should not be confused with any other 
photo-electric cell. By a special process of 
electrolysis, the photo-electric metal is intro 
duced into a highly evacuated bulb directly 
through the glass wall of the bulb, giving 
photo-electric material of absolute purity 
The superiority of the BURT-CELL is due t 
these features, making possible results never 
before obtainable. 


Described in Bulletin 271 


QUARTZ CELLS—We are pleased to ar 
nounce that we are manufacturing reproduci 
ble quartz photo-cells for measurement 
ultra-violet. 


We also manufacture the STABILIZED OS 
CILLOSCOPE—the only VISUAL OSCILLO 
GRAPH having a linear time axis and nm 
inertia—giving an accurate picture of hig! 
frequency wave forms. This is a most power 
ful tool for the study of periodic phenomena 


Write for Bulletin 273 
DR. ROBERT C. BURT 
Manufacturing and Consulting Physicist 
327 S. Michigan Ave., Pasadena, Calif. 
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JUST PUBLISHED 


THE BRAIN 


FROM APE TO MAN 


A Contribution to the Study of the Evolution 
and Development of the Human Brain 


BY FREDERICK TILNEY, PH.D.,M.D. 


“IT DOES NOT seem sufficient to linger among the apes in 
search of our ancestors. These animals belong to families 
totally divergent from man. They have become most effectu- 
ally arborealized, have ascended well up into the trees where | 
doubtless they will remain, quite as unconcerned in the origin 





of man as they are innocent of participation in it.”— TILNEY 


SYNOPSIS OF CONTENTS 
Foreworp + Henry Farrrietp Osporn’ Parti. The Higher Anthropoids 
INTRODUCTION. The Primates: Lemurs, Denies Ble 
Monkeys, Apes and Man, Their Place 
in Nature Part v. Evolutional Modifications of 
Part 1. The Lower Primates the Primate Cerebrum Culmir 





Part u. The Intermediate Primates in the Human Brain 


TWO LARGE VOLUMES 8x10% inches containing over 1100 | 
and 539 illustrations, of which 35 are colored. Handsomely bound in cloth 
and neatly boxed. 


PAUL B. HOEBER, IN© - mMepicat pustisuers 


"6 FIFTH AVENUE ° NEW YORK, N. Y. 





ORDER FORM 


Date 
PAUL B. HOEBER, Inc., Publishers, 76 Fifth Ave., New York City. 
Please enter my order, to be sent immediately. 
TILNEY—The Brain from Ape to Man - - - $25.00 net. 
Enclosed find for $ in payment. 
(or) Send C.O. D Name 
Charge to my account. Street 


(Check method of payment desired.) City or Town 











Our complete Catalogue wili be sent you upon request. 


Ty ——— 








THE SCIENTIFIC 





MONTHLY 


ADVERTISEMENTS 








A HISTORY 


OF 


MATHEMATICAL 
PROBLEMS 


In Two Volumes 


by 


FLORIAN CAJORI 


Vol. | --Elementary Mathematics, 
Now Ready, $4.00 


Vol. Il—Advanced Mathematics, 
In Preparation, $6.00 


Any phase of the growth 
of mathematical nota- 
tion is an interesting 
study, but the chief edu- 
cational lesson to be de- 
rived is that notation 
always grows too slowly. 
The moral which this 
points for twentieth- 
century teachers is that 
they should assist in 
hastening new improve- 
ments. 


Send for complete catalog 


Open Court Publishing Company 


339 East Chicago Avenue, Chicago, Illinois 











Journal of 
Home Economics 


deals with the application of 
modern natural and social science 
healthful nutrition 
suitable clothing 
proper housing 
wise use of income 


efficient home management 
child care and parental education 


and the development of these ideas 
home and abroad. 


Published monthly by the 


American Home 
fconomics Association 
$2.50. 


Yearly subscription price, 


After January 1, 1929—$3.00. 

Sample copy free if you refer to 

The Scientific Monthly in your 
request. 


101 East 20th Street, Baltimore, Md. 








BIOLOGICAL 
SUPPLIES 


Preparations for the 
museum, or collector. 


SUPPLY 
DEPARTMENT 
Open the Entire 


Year . t 
str ree IS a guarantee. 


Catalogs: 
No. I, Zoological Material 
No. Il, Botanical Material 
No. Ill, Microscopic Slides 


Write us about unlisted material 
Address all correspondence to: 


GEO. M. GRAY, Curator 


THE MARINE BIOLOGICAL LABORATORY! 


Woods Hole, Massachusetts 





classroom, 


The sign of the Limulus 





Re 


How 

Irom | 
ippeal 
cembe! 
Magaz 
nforn 
scienti 
he ha 


Eye 


Training 
(,reatest 
‘rouble 
nd evel 
scinati 
s $3.00 


rice: 


( 


Clip this 
in mars 


AME} 
5 


THE SCIENTIFIC MONTHLY—ADVI 


HYGEIA | 


THE HEALTH ee ~<eiies 


Papeshed my Un Ameren Mewes ~ 





Rescued by Insulin 


How insulin saved his young daughter 


from death by diabetes is the remarkably 
ippealing story by a layman in the De 
cember issue of HYGEIA, The Health 
Magazine. A graphic instance of a well- 


informed individual availing himself of 


scientific discoveries instead of falling into 
hands of charlatans. 


Eye Aches and Eye Fakes 


There’s the faker who recommends eye exercises 
ind the one who fits glasses by mail. Harry 
S. Gradle, M.D.., points out the other tricks of 
their trade, in an entertaining HYGEIA artick 


A Life and Death Matter 


This article begins a new series by Thurman B. 
Rice, M.D., in which he shows that statistics ar 
ust as vital and absorbing as the births and 
eaths they record. 


In the same issue of HYGEIA there will be 
Training the Child’s Emotions, Appendicitis, The 
Greatest Obstacles to Health, Burted Teeth, 
Trouble in the Gallbladder, The Runabout Child 
and even more health features, all authentie and 
fascinating to read... HYGEIA’S regular rats 
is $3.00 a year but here is a special introductory 
rice: 


6 Months for $1.00 


Clip this advertisement, write your name and address 
in margin, pin a dollar bill to it and send to the 


AMERICAN MEDICAL ASSOCIATION 


535 N. Dearborn St., CHICAGO 








“Sure-fire”’ gifts 


BOOKS! 


Five Years in Turkey. 
von Sanders, who te] 
the Dardanelles and 


paigns in the Great 


ican Mi 
Sir Isaac Newton 1727-1927 
bicentenary volume, a sy} 
lern bibliography 
panorama of ons 
intellects 
world.’ a Prot 
in Baltimore Even 
Fighters of Fate. by 
24 retel ort men and 
‘ er ery 
‘Beautifully 
Savs (Jud 
jy. $3.00. 
Research Narratives. Comp 
Alfred Flinn 0) D5-minut 
oft resear 
modern Ar on 
Fogs and Clouds. 
gorgeous displays 
heavens By 
Includes 93 of the 
photographs ever gi 
luxe Christmas g 
or nature-lover. $4.00. 
Introduction to the History 
Science. Volume | By George 
Sarton. An imperial gift for any 
one who studies science or ¢Civiliza- 
tion. $10.00. 


The Williams & Wilkins Company 


Publishers of Scientific Books and Periodicals 
Baltimore, U. S. A. 























This machine will 
automatically operate any 
of the commoner null 
electrical measuring cir- 
euits, and record. the 
measurement. With most 
cireuits the record will 
be accurate to within 0.5 
per cent of the range. It 
will free your assistants 
of a great deal of mo 
notonous' routine. It 
will remove the ‘‘ human 
equation’’ from any com 
plicated electrometric 
tasks. 


The following are a 
few of the measurements 
that are made and re- 
corded by stock L & N 


Recorders: 


Temperatures with ther- 
mocouples 

Temperatures with re- 
sistance thermometers 

Electrolytic conductivity 

Hydrogen ion concentra 
tion 

Humidity 

Radio fading 

Speed 

Frequency of A.C. sys 
tems 

A.C. Voltage 

D.C, Current 

D.C. Voltage 

so, 

co, 

Power Totalizing 

Water Level 


L&N AUTOMATIC RECORDERS 


Help Solve the “Human Equation” in Laboratories 


HAH i| 
HTH SH 


! | 
! Wily | 


TTT | 


A Different Principle 

L & N Recorders consist of two units— 
a null electrical measuring circuit and a 
standard central mechanical unit which 
automatically balances the circuit and 
records the measurement. 

We manufacture Recorders operating 
on the Wheatstone bridge, potentiome 
ter, Kelvin bridge and impedance 
bridge principles. Investigators, how 
ever, frequently use circuits of their own 
devising. 

The mechanical unit is a series of 
rugged cams and levers, adjusted to the 
most modern standards of accuracy. 
This unit is driven by an electric motor, 
and all parts are standardized. 

Recorders are made for any one of 
four types of chart, and about 160 chart 
patterns are on hand. We shall be glad 
to discuss its application to specific mea 
suring problems. 


Write for catalogs. State your Problem 


LEEDS & NORTHRUP COMPANY 


4901 STENTON AVENUE PHILADELPHIA, PA 








Electrical Measuring lastruments 
Potentiometer Pyrometers 


Hump and Homo Heat Treating Furnaces 
Automatic Combustion Control 

















Engi 


i 


Précis 


ils 

is 
ure 

chter 


Practic 


Todel 


Highwa 


tre 
istrat 


Essai e' 
et de tr 
und, 


Handbu 
EDLER \ 
uslind. 
si lg. d. 
Li nder. 


$4.90, 


Die Bew 
mortel u 
Beziehur 
WALTER 
und, 


Cements, 
rd ed 


Exemples 
armé, L 


THE SCIENTIFI( 


MONTHLY) 


cA Scientific and Educational Book Service 


THE SCIENCE PRESS DISTRI 
Y., is prepared to supply any 

obtained. 
science and education ar 


be This agency has bee 
1d for institut 
publications of | 


genera! character, | 


BOOKS P 
AERONAUTICS 


aerodynamics. WALT! 


ted. $7.00, 


Engineering 


hel ror | at? 
pp. Lillustra 


Hee 


Pp. 


Précis d’aérodynamique. 
SGRANDSCHAMPS. LU7 


Routes 
124 


aeriennes 


pp. Pay 


Les 
, per 


de 1’Atlantique. 
und. : 


b $1.40 
Elements of aviation. An 
iples. VIRGINIUS EVANS 


An alphabet of aviation. 


ted s 
CU. > = 


book for t 
I is interested in 
ture and text, the 
ghter-than-air ps 


rh 


8 18 a 


sh 


Practical flying. 
pilots, BYRON 


The wonder book of aircraft. 
NG. 256 pp. Llustrated. 


GOLD $3. 


Model airplanes; how to build and fly 
I 


LMER L. ALLEN. 332 Diagrams. $% 


PP- 
CIVIL ENGINEERING 


Highway materials. Epwarp E. BAver. 
Illustrated. $3.50. 


Essai et analyse des matériaux de construction 


et de travaux publics. A» 
und. $2.50. 


Pa. 


YSTETT, 434 pp- 


Handbuch 
EDLER VON 
ausliind. 
* * 
Linder. 
$4.90, 


fur Ejisenbetonbau. Edits 
EMPERGER. Volume IX. 
wichtigeren Bestimmgn. d. ver 
Third edition. 290 pp. 7 


stellg 


Die Beurteilung der Eigenschaften von Ze 


mortel und Beton auf Grund der mathematischen 
Beziehungen innerhalb der Versuchsergebnisse. 


i 


WALTER DRECHSEL, 
und. $1.75. 


108 pp. Illustrated. 


Cements, limes and plasters. Epwin 


hird edition. 699 pp. $7.00. 


Exemples de calculs de construction en 
armé, Lfon Cosyn. 454 pp. 


9 
$3.00. 


C. E 


SUTING COMPAN' ( 1 ¢ 


UBLISHED IN 
CIVIL 


1928 
ENGINEERING—C 


kerami 
Flussmitte] 


Unbildsame Rohstoffe 
Magerungsmittel, 


Stoffe. RUDOLI 


Die natiirlichen und kiinstlichen 
Peche. |! I. F ll4 
Bort ne i. x] 


Die Mortel-Bindestoffe. 
t irt Iv 
Az: etalmat 


Zement 


_ 


CHEMISTRY 


An introduction to chemistry 


Chemistry in everyday life. 
' S ‘ 


A study of Chinese alchemy. ‘ 


he handwriting on the wall. 


nt ; 4 
( \ 


them. ¢ 


Praktische Ubungen zur 
Chemie. \ ) S 
| 


manual 
WW 
manual. 


Laboratory 
this t \ 


Pape 


VY ‘ 
2) l 


Elementary laboratory 
chemistry. lRocer AD 


Eisenbetonbestimmungen mit Gegeniiber ee e1 


It 
Elementary organic chemistry 


McEtvan 83 pp. ¢ 


A laboratory manual of 
Joun B. Ex Third rey 


~ 


ment- 


Paper Radio-elements as indicators, and 
topics in inorganic chemistry. | 
pp. Illustrated. $ 
CKEL. : 

Principles and app 
H. JERMAIN CRI 
Second revised 


$4. 


o> \ 
béton 


1) 


inorganl 


it 


nued 


Massen. 


Teueriests 


A ph i 


general 


experiments 


Einfiihrung 


A 


in 


chemistry. 


n 


die 


chemistry. 


other selected 


lf 


: 


lications of electrochemistry. 














THE SCIENTIFIC MONTHLY—ADVERTISEMENTS 





BOOKS PUBLISHED IN 1928 


(Continued) 


CHEMISTRY—Continued 
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count of the scope of the present work of the Crystal 
Structure Laboratory, and also to outline its devel- 
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search and industry. 
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Illustrated. 
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153 pp. 50 illustrations. $3.00. 


Fortschritte der Teerfarbenfabrikation und ver- 
wandter Industriezweige. PAUL FRIEDLAENDER. 
Volume XV. 1882 pp. Paper bound. $61.92. 


Jahresbericht tiber die Leistungen der Chemi- 
schen Technologie. ] Part one: 


Volume 73. 1927. 
Unorganischer Teil. 565 pp. 167 illustrations. 
$9.36. 
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Ropert P. WALTON. 


The chemistry of crude drugs; an elementary 
textbook for students of pharmacognosy. J. E 
Driver and G. E. TREASE. 166 pp. $4.00. 


Handbook of Petroleum, Asphalt and Natural 
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830 pp. 215 illustrations. Library edition. 
Pocket edition, India paper. $10.00. 


Fixation of atmospheric nitrogen. F. A. ERNs1 
175 pp. Illustrated. $2.50. 


Who’s who in the chemical and drug industries. 
Edited by WiLuiAMS Haynes. 438 pp. $6.00. 


BIOLOGY 


A brief course in biology. Water H. Wet 
HOUSE and GrorGce O. HENDRICKSON. 200 pp. 


illustrations. $1.80. 


In this small volume the authors’ aim has been to 
present the most important biological facts whic} 
will help the reader to understand the essential 
principles of biology and to formulate life philoso 
phy. 


KING, FLORENC! 
McCue. 218 pp 


Advanced biology. Cyrus A. 
I. Martin and MArGaAreT M. 
Diagrams. $1.34. 

This Advanced Biology is written with the hope 
that it will be of service to secondary school stu 
dents. The authors have tried to keep it free from 
umbersome technicalities and yet sufficiently in 
formative. 


Methodik des biologischen Unterrichts. Ein 
Hilfsbuch fiir Lehrer aller Schularten. Kar. 
SMALIAN. 278 pp. Berlin, 1927. $2.28. 

This volume takes the place of the “ Methodik des 
otanischen Unterrichts,” by F. Kienitz-Gerloff. It 
s the outgrowth of the author’s educational and 
pedagogical activity of nearly forty years. 
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ECONOMICS 
Notes on Malthus’ Principles of political econ- 
omy. Davin Ricarpo. Edited by Jacos H. Hon 
LANDER and T. E. Grecory. 364 pp. $5.00. 


Great Britain from Adam Smith to the present 
day; an economic and social survey. CHARLES 
RALPH Fay. 470 pp. Maps. $3.75. 


The land of the five rivers. An economic history 
of the Punjab from the earliest time to 1890. 
HuGH KENNEDY TREVASKIS. 372 pp. 4 maps. 3 
diagrams. $4.75. 


Modern Japan and its problems. G. C. ALLEN. 


226 pp. $3.00. 


La Roumanie nouvelle et ses richesses miniéres. 
AuREL P. IANCoULESCO. 384 pp. Paper bound. 
$3.00. 


Allgemeine Volkswirtschaftslehre. Eine Einfiih- 
rung. ADOLF WEBER. 526 pp. $4.00. 


Grundziige der Volkswirtschaftslehre. W. 
GELESNOFF. Second revised edition. 561 pp. 


$5.00. 


The war debts. An American view. PHILIP 
DEXTER and JOHN HUNTER SEDGWICK. 173 pp. 
$1.50. 

This book is an attempt to draw together and con 
sider the validity of some of the arguments for and 
against the payment of debts contracted by the 
Allies during the World War and now due the 
United States 


American way to prosperity. Simonps and 
THOMPSON. 249 pp. LIllustrated. $3.00. 


Representative industries in the United States. 
H. T. WaARsSHOW, editor. 715 pp. (Sehool edi 
tion, $4.00.) $5.00. 


Les relations industrielles aux Etats-Unis. H. 
B. Burter. 154 pp. Paper bound. 75c. 


A financial history of the American automo- 
bile industry. LAwrence H. Sevrzer. $3.00. 


Baron Edmond Rothschild; the story of a practi- 
cal idealist. Davip Druck. Introduction by 
NATHAN Srravs. 199 pp. Illustrated. $3.00. 


Der moderne Kapitalismus. WerNrr SoMBART. 
1928 edition. Three volumes bound in six. 919, 
1229, 1063 pp. $18.75. 


A study in public finance. A.C. Picov. 340 pp. 
$4.50. 


Finances and financial administration of New 
York City; recommendations and report of the 
sub-committee on budget, finance, and revenue 
of the City Committee on Plan and Survey. 
Hersert H. LEHMAN. 423 pp. $3.00. 


Investment trusts, their origin, development and 
operation. THropore J. GRAYSON. 434 pp. $5.00. 
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Des réserves dans les sociétés industrielles 
commerciales. PAuLt BESNARD. $1.49. 


Traité pratique des sociétés commerciales 
points de vue comptable, juridique et fiscal. 
BATARDON. 912 pp. $3.60. 


The industrial revolution in the eighteenth 
tury; an outline of the beginnings of the mod: 
factory system in England. Paunt Ma 
Revised edition by MARJORIE VERNON. 


$5.00 


The evolution of industrial organization. 
SHIELDS. 308 pp. $3.00. 


Neue Wege wirtschaftlicher Betriebsfiihrung 
HELLWIG and F. MAcksacH. 150 pp. $1.50. 


F. W. Taylor, der Vater wirtschaftl. Betrie 
fiihrung. Ein Lebensbild. I. M. Wirre. 1 
$1.40. 


Betriebs-Analyse. Wege zur Erkenntnis 


Gesetzmissigkeiten in der Betriebswirtschaft 


PAUL GERSTNER. 227 pp. $3.50. 


The principles of factory organization and mai 


agement. R. C. Davis. 470 pp. _ Illustrat 
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Industrial efficiency and social economy. Nas 
W. Senior. 2 volumes. 398, 428 pp. $8.00. 


Labor conditions in Japan. Scnuicnt HARApD 
293 pp. (Studies in History Number 301. $4 


F. J. Furtwingler. Das werktitige Indien. K 
J. SCHRADER. 442 pp. Illustrated. $2.50. 


Institute of economics. Investigations in 


dustry and labor. A way of order for bitumi 


nous coal, Watton H. HAMILTON and Hz: 
R. Wricut. $2.50. 


Labor relations; a study made in the Procter a1 
Gamble Company. Hersert Feis. 179 pp. $2 


Labor management. Gorpon 8. WATKINS. 
pp. $5.00, 


History of Lloyd’s from the founding of Lloyd 
coffee house to the present day. CHA! 
Wricut and C. Ernest Faye. Lillustrated 
photographs, facsimiles, and drawings. 475 
$10.00. 


Nauticus. Jahrbuch f. Seeinteressen und Welt 


wirtschaft. Volume XIX. 1928. 327 pp. $4 


Bremen im Welthandel. Atrrep Lérner. (H 
buch d. Zweigstelle d. auswirtigen Amtes 
Aussenhandel, Bremen.) Second revised edi 
220 pp- $1.50. 


German Commerce Yearbook. Edited by H: 
MUT KUHNERT. 1928. Introduction by Gus 
STRESEMANN, Reichsminister. 375 pp. $5.00. 
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Deutsche Verkehrsprobleme der Gegenwart. 
Verhandlgn. d. Friedrich List Gesellschaft i. 
29. Okt. 1927 in Berlin. Edited by Epear 

134 pp. $1 
ipping problems, 1919-1921 (English) 


ELDERTON. 93 pp. $1.75 


Principles of inland transportation. 
GETT. 722 pp. Lllustrated. $4 
Manuel de droit public général du monde civilis 
S. COMBOTHECRA. 365 pp. P per bound. $% 
Deutsches Handelsrecht. tUDOLF M I 
and third editions. 931 


bec ond | 1 e854 
Suggestions for the practice of commercial arbi 
tration in the U. S. American Arbitration As 
sociation. 241 pp. Illustrated. $1.7 
of South America. 


Commerce 
] Illustrated. $3.2 


Wes. 600 pp. 


The Board of Trade. 


x & pp. $2 50. 


der Handelspolitik. 


516 pp. $6.72. 


System 
Third edition 


European tariff policies since the World War. 
O. Dettur Donne. 302 pp. $3.5 


Freihandel und Schutzzoll als Mittel staatlicher 
Machtentfaltung. Untersuchgn zur Problematik 
, Handelspolitik. Hereerr WerGOo vy 


robleme d. Weltwirtschaft 45 


Scientific purchasing. Epwarp T. 
L. F. Borrey. 196 pp. Illustrates 


Exploitation commerciale des chemins de fer. 
BONNAL and M. $3.90. 


CHATEL, 654 pp. 


Office 


Exploitation des phosphates au Maroc. 
chérifien des phosphates. Roger CHAPUS 
Paper bound. $2.50. 


La grosse industrie 
MAURICE BAUMONT. 754 pp. 2 


und. $2.70. 


allemande et le charbon. 
maps. Pay 


allemande et le lignite. 
158 pp. 4 maps. $1.10. 


La grosse industrie 
MavuRICE BAUMONT. 


Economie et politique du caoutchouc. H. Ts 
) pp. Illustrated. Paper bound. $1.50 
Die deutsche Automobilindustrie. 
69 pp. $2.15. 
Handbuch der internationalen Stickstoff- und 
Superphosphat-Industrie. Edited by Curr. and 
JuLIus Mossner. Volume II. 761 pp. $10.00 
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New York’s 
Newest Hotel 


Che 
Piccadilly 
227 West 45th St. 


At Broadway 
New York 


Adjacent to every Activity 
600 Bright Sunlit Rooms 
Each with Bath, Elec- 


tric Fan, Ice Water. 


Single Room & Bath $3.00 
Double Room & Bath $4.50 


Exceptional Restaurant 
and Luncheonette 


Wire at our Expense 
for Reservations 


F. D. Sofield, 
Managing 
Director 
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MIRAKEL BINOCULARS 
Carry them with you 
for tour or sports. 


Small enough for a ¢ 


lady s bag, or the 
man’s vest 
pocket - strong 
enough to see 
miles of dis 
tance. Genuine 


Prism 7 power, 6 oz., with le: ser $35 
case Po stpaid = 


Hensoldt New “Di: ilyt’ : Bi ino« uli irs 6x 30 

No better glass made $58 
Zeiss Wide Angle “Deltrentis” 8 x: 30 , 
Prismiris Pocket Binocular, 6X prism 

12 oz Good glass; low price $16 
Flash-Light no batteries, com p plete €¢€ ek ‘ 

tric light plant 8S” long runs contint 
ously; guaranteed .... 


Fiala Pat. Siesta Seats 


The only scientifically correct bag made 
hooks or fasteners; the bag used by Explor: 
ers, Engineers, Campers 

SPECIAL: “LLAMA” Fiala Sleeping Bas 
used in Newfoundland at 42° below zero 
fire, 2-man_ tent All “filled” bags we 
thrown away The Fiala bag can be wash« 
sunned and dried Vith cover con 
weighs 5 Ibs. 12 oz.; rolled bulk 17” x 


Scientific, Erploring, Camping Outfits 
Gifts for Sportsmen 
Write for Catalog “A 
ANTHONY FIALA, 25 Warren St., New York 
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A New Hotel 
Without “Ups” 


IT’S NEVER BEEN DONE BEFORE! 
One Price for All the Rooms! 


y 12-story fireproof Cornish Arms 
Hotel, just opened, has eliminated 
all the hokum of “up” prices. This 
convenient and comfortable new hotel has 
only one price for a single room and 
bath, $3.00 per day. Double rooms for 
two, with bath, $4.50. Remember, there 
are no “ups.” There’s a bath with every 
room: 340 rooms to select from. Excel- 
lent restaurant service at moderate prices 


5 minutes to Times Square, 5 minutes to 
Penn. Station, 8 minutes to Grand 
Central, and near all Steamship Lines. 


COME AND COMPARE! 
Cornish Arms Hotel 


West 23d Street, at Eighth Avenue 
NEW YORK 
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“SCIENTIA” 


INTERNATIONAL REVIEW OF SCIENTIFIC SYNTHE SIS 
Published every month (each number containing t ‘ 


Editor: EUGENIO RIGNANO 


Is THE ONLY REVIEW the contributors to which are r« 
IS THE ONLY REVIEW that has a really world-wide cir 
IS THE ONLY REVIEW of scientific synthesis and 
mental questions of all sciences: the history of the 
ogy, physics, chemistry, biology, psychology and sociclog 
Is THE ONLY REVIEW that by means of enquiries among the mo ninent s 
authors of all countries (On the philosophical principles of the 
most fundamental astronomical and physical questions of current interest, 
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on relatwity ; On the contribution that the different countries have given to the de 


of various branches of knowledge; On the more important biological questions, 
ticular on vitalism; On the social question; On the great international questior 
the World War), studies all the main problems discussed in intellectual circles 
world, and represents at the same time the first attempt at an international o1 
philosophical and scientific progress. 
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The articles are published in the language of their authors, and every number has a s 
containing the French translation of all the articles that are not French. The revie 


completely accessible to those who know only French. (Write for a free copy to 


Secretary of ‘‘Scientia,’’ Milan, sending 12 cents in stamps of your country, 


cover packing and postage.) 
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Leica Negatives can be enlarged to 12 x 18 inches. 


VO LCE 


“THE UNIVERSAL CAMERA” 


Fits 
the 
Hand 
Fits 
the 
Pocket 


P4Ca 


If you wish to please a 
ping list; 
disappointed by delayed delivery. 





Assures 
A 
B: | etry 
Christmas 
and continued 
Pleasure 


Throughout 
the Year! 


owner, datninial the following shop- 
then see your dealer at once to insure that you will not be 


Shopping List 


Range Finder for Movie Makers.. $17.50 
“Fodis” Range Finder with case .. 10.00 
Soft Leather Bag for ° ‘Leica m 4.00 
Chamois Bag for “ Leica” 5.00 


Chamois Bag for Range Finder ... 75 
Yellow Filters for “Leica” (Density 


No. I, No. II or No. III).. each 2.75 
Soft Leather Bag for Filters ..each .50 
Sun Shade for Lens ...... 2.50 
Wire Release with Arresting Screw 

for time exposure ... eed aa 2.00 
Ball-Jointed Tripod Head ........ 2.50 
Stereo Slide ey aS 7.00 
“Uleja” Film Strip Projector. ..++ 50.00 
Carrying Case for “ Uleja” 7.50 

The Gift 


feica Focal Plane Camera with Three Magazines $88.00 


For com ple te 


The 


details of any of the abow 
for PAMPHLET No. 


A Product of Precision 
E. LEITZ, INC. 


60 East 10th St., 


Agents for Pacific Coast States: 


SPINDLER & SAUPPE 


86 Third Street, San Francisco, Cal. 


Panorama Head for Tripod ...... $ 6.00 = 
Simple Direct Exposuremeter . 1.50 Sy 
“Reelo” Developing Tank ..... 15.00 a 
Reproduction Stand (for copying) “° 
collapsible ... , 25.00 j¥f 
Plumb Weight for above 2.50 Rh 
Sliding Arm to fit ovetietiy “for = 
ns 9.00 ji¥f 
Copying Lenses mime 7.50 ANS 
Fixed 23% x 3% enlarger with lamp a 
complete ... 25.00 if 
Fixed 3% x 5% enlarger with lamp ay 
complete .... 27.50 « 
Universal adjustable enlarger com- vi 
plete ienbase rd rivetecss Se & 
Supreme wi 
D\ 
e items se¢ your Dealer or write vA 
1127 (FF) a | 
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ot 
yi 
New York, N. Y. Ti 
“A 
811 West 7th Street, Los Angeles, Cal. a 
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OPTICAL INSTRUMENTS 


AMAR 


7, Biss Prism Binoculars, distance of about 8 inches. 
in addition to their won- Zeiss Ikon Cameras, fitted with 
derful luminosity and large Zeiss Tessar Lenses, take ex- 
field of view, are dust- and cellent pictures, even under 
moisture-proof, a factor which conditions, where other cam- 
can hardly be over-emphasized. eras fail. 

With supplementary lens at- What finer Christmas presents 
tachments they are instantly could one find anywhere, at 
convertible into Telescopic any price? Write for illus- 
Magnifiers, having a working trated catalogues. 
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LaMOTTE~MORGAN SOIL TESTING SET 


This handy outfit is based on the 
dye indicator method and is de- 
signed for accurate, rapid work in 
determining soil reactions. Can be 
used on soils of any texture, tests 
ean be made in from two to five 
minutes and results are accurate to 
0.2 pH. Invaluable to florists, 
nurserymen, agricultural schools 
and all interested in the study 
of plants and soils. 





Price $10.00 f. o. b. Baltimore 


Each set includes complete instruc- 
tions, color chart and LaMotte Soil al OD P 
Handbook containing an extensive list 


of plants with their soil preferences. 





LaMotte Chemical Products Co., 422 Light St., Baltimore, Md., U.S.A. 

















PARIS PAN-AMERICAN 
EXPOSITION: EXPOSITION: 
Eight Awards and Medals Geld Medal 


Our General Laboratory and Museum Supplies Include: 


Scientific Apparatus and Instruments, Chemicals, Anatomical Models, Osteological 
Preparations, Natural History Specimens and Preparations, Wall Charts, Mu- 
seum and Naturalists’ Supplies, Glass Jars, Microscopes and Accessories. 


Museum Cabinets (Yale Style) Biological and General Laboratory Supplies 
THE KNY-SCHEERER CORPORATION OF AMERICA 
Dept. of Natural Science, 10-14 West 2sth Street 


G. Lagai, Ph.D. New York City 
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